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Standard t tolerance* for realatora are:- Wire-wound: I*. Z%, 5ft. 10%. Com pea It ion. Grade 1: 1%, 2*. 5V Grade 2: 5ft. 
10%. 20%. (20% la Indicated by 4th <or 'D') colour). Grade Ic f ' hiBb-aublllty") compoaltion reatatora are dlallnguiahad by a aal- 
mon-pink fifth ring or body colour. (Reference- B.S. 1052: 1952 B.S.I.). 

K. B. High- St ability Reaiatore ■ applied with thie kit are not aa a role colour coded but enarr-c lied In one colour on which the value 
i. la printed in ligurea. Capocltora a applied in Ml* kit ■enally have their capacity clearly ir.arked in figures. Some Cap- 
led aa above alio have additional "voltage rating" coding. 
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Heath kit Laboratory Oscilloscope 



MODEL O-12-U 




SPECIFICATIONS 

Vertical Channel : 

Sensitivity 0.010 volts (RMS) per cm. at I kc. 

Frequency Response Flat within * 1 riB from 8 cp«. to 2. 5 mc 

Flat, + 1. 5 to - 5 dB; 3 cps to 5 mc. 

Response at 3.58 mc, - 2.2 dB. 

(All response measurements referred to 1 kc) 

Rise Time 0.08 mic ro seconds or less. 

Overshoot 10% or less 

Transient Response Oscillograms below are un retouched displays of square wave 

signals. (Rise timeof fource generator was less than 0.02 
microseconds.) 
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50 CPS IOOOCPS IOOKC IMC 

Input Impedance In XI attenuator position, 2.9 megohms shunted by 21 pF. 

(1 kc impedance, 2.7 megohms) 

In X10 and X100 positions, 3.4 megohms shunted by 12 pF. 
(1 kc impedance, 3. 3 megohms) 

Attenuator Three- position, switch-type, fully compensated: no visible 

-r change in wave shape at any attenuator selling. 

Inpjji*c1iarac- t * riat ic s Special low-capacity input terminal; built-in blocking cap- 
acitor rated at 600 volts DC. 
rtical Positioning DC type; permits placement of undcflected trace at any hor- 
izontal level on usable area {t 4 cm. from centre)of screen; 
positioning is instantaneous and free of drift. 




Horizontal Channel : 

Sensitivity 0. 120 volt? (RMS) per cm. at 1 kc. 

Frequency Response Flat within * 1 dB 1 cps to 200 kc. 

Flat within f 3dB ! cps to 400 kc. 
Input Impedance 30 megohms shunted by 31 pF. 

(1 kc impedance, 4.9 megohms) 

Attenuator *. lx>w impedance type in cathode follower output. 

Input Characteristics. Selector twitch permits use ol external input through -ff 

terminal, line-frequency sweepof variable phase or inters*! 

*w'eep from time base generator. 
Horizontal Positioning DC type; permits wide range of povitiooiag i» 

part of trace even with full horizontal 

Time Base Generator; Recurrent type, utilising Heath sweep eti 

Ran S* 10 cps to 500 kc in five steps: 10 to 100 cps, 1M m 

cps, 1 to 10 kc, 10 to 100 kc, 100 to 500 kc. 

Synchronising Automatic lock- in circuit, using self-limiting syncfci 

cathode follower. Holds Bweep speed essentially iade| 
ent of vertical gain settings. Selector switch permits ry»- 
chronising with either positive or negative rignal puls«s 
internally, with external source through panel terminal* or 
with mains frequency. 

Time Base Output Atime base output terminal is provided for operation of the 

oscilloscope in conjunction with frequency— swept oscillators 

etc. 

Cathode Ray Tube 1324C, 5" flat-faced screen, green medium-persistence 

phosphor. 

Power Supplies High-voltage supply; transformer- rectifier type, develop- 
ing 1200 volts at output of RC filter system. Low-voltage 
supply; transformer-rectifier type, full electronic voltage 
regulation for all critical amplifier, time base generator 
and positioning potentials. 

General ; 

Retrace Blanking Blanking intervals less than 30% sweep rate regardless of 

fwecp speed. Blanking amplifier provided. 

Phasing Control Provides fully cont rolled phase »h.ft for 50 c/h sweep appl- 
ications. Phasing continuously variable from zero to over 
135 degrees. 

Voltage Calibrator Built-in source, 1 volt pe/K- to- peak; calibrated graticule 

and accurately calibrated input attenuator to permit voltage 
measurements over range of 10,000 to 1 or mora. 

Z-Axis Modulation Provision for intensity modulation of electron beam through 

high- voltage isolation capacitor; 8 to 20 volts (RMS) required 
for complete blanking of trace. 

Access Panel Removable panel at rear of cabinet for access to CRT socket 

terminals. No terminals a re provided fordirect connection, 
since stray capacities introduced would be detrimental. 
When required, such connections can be readily made direct 
to socket terminal s, without removing chassis from cabinet. 

Power Requirements 200-250 volts 40-60 cycles AC at 80 watts; fused. 

Dimensions 8. 5 / 8 " wide x Ijjfc high x 18±" deep. 

Net Weight 22 lbs. (approx. ) 

Shipping Weight 25 lbs. (approx. ) 
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PRELIMINARY NOTES AND INSTRUCTIONS 

The Step-by-Step instructions given in this manual should be followed implicitly to ensure a minimum of diffUr.ly 
during construction and a completely satisfactory result, including many years of accurate, trouble free service 
from the finished instrument. 

UNPACK THE KIT CAREFULLY. EXAMINE EACH PART AND CHECK IT AGAINST THE PARTS LIST. In 9 loing, 
you will become acquainted with the parts. If a shortage is found, attach the inspection 'slip to your claim a a' notify 
us promptly. Screws, nuts and washers arc counted mechanically a ... sj^j^^sing, please obta it. Siem loc- 

ally if at all possible. 

Lay out all the parts so that they are readily available in convenient categories. Rei cj; to Ihe general information 
inside the covers of this manual for instructions on haw 10 identify components. 

• 

Moulded egg containers make handy irays for holding small parts. Resistors ai d caparTtorfe may be placed in Ihe 
edge ol fl corrugated cardboard box until ihey are ded. ^sti^PisV . . 

* K- 
Use lockwashcrs under all screws and nut*, and .ilso between controls and the chassis. When shakeproof solder 
tags are mounted under nuts, the use 01 lockwashers is unnecessary, 

SbSf J ^^^^ 

Resistors and capacitors have a tolerance rating of t 10* unless otherwise stated. Therefore a 100 Kii resistor 
may test anywhere between 90 anil 1 lU K.I. Frequently capacitors show an even greater variation such as -50% to 
-(•100%. This Heathkit accommodates such variations. 

Unless otherwise stated all wire used is insul+tcd. Bare wire is only used where lead lengths are short and there 
isno possibility of a short circuit. Wherever thcffjts* a possibility oi the bare wire leads of resistors or capacitors, 
etc., shorting to other parts or to chassis, such leads must be covered with insulated sleeving. 

.- 

To facilitate describing the location of parts, all valveholders, controls, tag strips-, etc., have been lctiercd or 
numbered. Where necessary all such coding is clearly shown in the illustrations. When Instructions say, for ex- 
ample, "wire to socket 03", refer to the proper ligure and connect a wire to tap S of socket G. 

Valveholdcrs illustrated in the manual are always shown with their tags numbered in a clockwise sequence, from 
the blank tag position or keyway. when viewed from underneath. 

All rotary switch tags are numbered clockwise when viewed from the rear of the wafer, i.e. the end remote from 
the knob. 

All resistors may be wired either way round. 

All capacitors, excepting electrolytic capacitors, may be wired either way round unless otherwise stated. 
Carefully letter and number tag strips, valveholders. transformers, etc. A wax pencil is ideal for this purpose. 
When mounting resistors and Capacitors make sure that the value can be read when in position. 
Observe polarity on all electrolytic capacitors, i.e. RED ■ POSITIVE. 

A circuit desc ription is included in this m..nual so that those with some knowledge of electronics will be able to ob- 
tain a clearer picture of the actual iunctionmg of this instrument. It is not expected that those with little exper- 
ience will understand the description completely, but it should be of help in the event that they desire to become 
more familiar with the c irctltf operation and thus learn more from butMing the kit than just the placing of parts and 
the wiring. 

Read thi s* jsanu al right through before s:ar::ng actual , or, st ruction. In ihis way. you will become familiar with the 
general step-T>y step procedure_uscd. Study the pictorials and diagrams to get acquainted with the circuit layout 
and location of parts. When actually assembling and wiring , READ THROUGH THE WHOLE OF EACH STEP so that 
no point will be missed. 

A tick ("^ should be made in the space provided at the beginning of each instruction immediately it has been com- 
pleted . This is most important as it will avoid omissions or errors, especially whenever work is interrupted in 
the course of construction. Some Kit-builders have found it helpful in addition to mark each lead in the pictorial in 
coloured pencil as it is completed. 
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Successful instrument construction requires close observance of the step- by- step procedure outlined in this manual, 
^jir your convenience, some illustrations may appear in large size folded sheets. It is suggested that these sheets 
b\ fastened to the wall over your work area for reference purposes during instrument construction. 

Th» Company reserves the right to make such circuit modification and/or component substitutions as may be found 
desj^tble, indication being by "Advice of Change" included in the kit. 
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NOTEVDayStrom Ltd. will not accept any responsibility o r liability £or any damage or personal injury sua tamed 
during trie building, testing, or operation of this instrument. 




ALL GUARANTEES ARE VOIDED AND WE WILL NOT REPAIR OR SERVICE INSTRUMENTS 
IN WHICH ACID CORE SOLDER OR PASTE FLUXES HAVE BEEN USED. WHEN IN DOUBT 
ABOUT SOLDER, IT IS RECOMMENDED THAT ONLY "60/40" RESIN CORE RADIO SOLDER 
BE PUR( 




PROPER SOLDERING PROCEDURE 



Only a small percentage of Heathkit purchasers find it necessary to return an instrument for factory service. Of 
these, by far the largest proportion function improperly 'due :o poor or improper soldering. 



Correct soldering technique is extremely important. Good soldered Joints are essential if the performance engin- 
eered into the kit is to be fully realised. If you are * beginner with no experience in soldering, half an hour's pract- 
ice with odd lengths of wire and a valveholder, etc. , will be invaluable. 

Highest quality resin-cored solder is essential for efficiently securing this kit's wiring and components. Tho resin 
core acts as a flux or cleaning agent during the soldering operation. 



NO SEPARATE FLUX OR PASTE OF ANY KIND SHOULD BE USED. We specifically caution against the use of so- 
called "non-corrosive" pastes or liquids. Such compounds, although not corrosive at room temperature, will form 
residues when heated. These residues are deposited on surrounding surfaces and attract moisture. The resulting 
compounds are not only corrosive but actually destroy the insulation value of non-conductors. Dust and di rt will 
tend to accumulate on these "bridges" and eventually wiU cause erratic or degraded performance of the instrument. 

IMPORTANT 

IN THE "STEP- BY-STEP" PROCEDURE the abbreviation NS indicates that the connection should not yet be sold- 
ered, for other wires will be added. At a later stage the letter "S" indicates that the connection must now be sold- 
ered. Note that a number appears after each solder (S) instruction. This number indicates the number of leads 
connected to the terminal in question . For example, if the instructions read, "Connect one lead of a 47 Kli resistor 
to tag 1 (&-£)", it will be understood that there should be two leads connected to the terminal at the time it is sold- 
ered. This additional check will help to avoid errors. 



When two or more connections are made to the same solder lag a common mistake is to neglect to solder the con- 
nections on the bottom. Make sure all the wires are soldered. 
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If the tags are bright and clean and wires free of wax, frayed insulation and other foreign substances, no difficulty 
will be experienced in soldering. Crimp or otherwise secure the wire (or wires) to the terminal, so a good mech- 
anical joint is made without relying on solder for physical strength. 




I. CHIMP WIRES 2. HI AT CONNKTION 1 APflV SOUtUt ALLOW SOLDER 

TO FLOW 




COLO SOIDES IOINT PROM R SOL MRU) COLD BOLIH.R JOINT 

COSMCnoN INM Il II II MI > CONNtCtlON < IINNICTION MOVTD 

Hf ATW> Willi I COOUNO 



Typical good and bad soldered joints are shown above. 

A poor soldered joint will usually be indicated by Its appearance. The solder will stand up in a blob on top of the 
connection, with no evidence of flowing out caused by actual "welting" of the contact. A crystalline or grainy tex- 
ture on the solder surface caused by movement of the joint before it solidifies is another evidence of a "cold" con- 
nection and possible "dry" joint. In either event, reheat the joint until the solder flows smoothly over the entire 
junction, cooling to a smooth, bright appearance. 

To make a good soldered joint, the clean tip of the hot soldering iron should be placed against the joint to be sold- 
ered so that the flat tag is heated sufficiently to melt the solder. Resin core solder is Ihcn placed against both the 
tagand the tip of the iron and should immediately flow over the joint. See illustrations. Use only enough solder to 
cover the wires at the junction; it is not necessary to fill the entire hole in the tag with solder. Don't allow excess 
solder to flow into valveholder contacts, ruining the sockets, or to creep into switch sockets and dest roy their spring 
action. Position the work so that gravity tends to keep the solder where you want it. 

A clean, well-tinned soldering iron is also important to obtain consistently perfect connections. For most wiring, 
a 25 to 50 watt iron, or the equivalent in a soldering gun, is very satisfactory. Keep the iron hot and its tip and the 
connections to be soldered bright and clean. Always place the solder on the heated "work" and then place the bit on 
top of the solder until it flows readily and "wets' the joint being made. Dont take the solder on to the bit and then 
try to bring it to the work directly from the soldering iron. Whenever possible a joint should be secured mechanic- 
ally by squeezing tight with pliers prior to soldering it. The hot soldering bit should frequently be scraped clean 
with a knife, steel wool or a file, or wiped clean quickly by means of a rag or steel wool. 

Don't apply too much solder to the soldered joint. Don't apply the solder to the iron only, expecting that it will roll 
down onto the connection. Try to follow the instructions and illustrations as closely as possible. 

Don't bend a lead more than once around a connecting point before soldering, so that if it should have to come off 
due to a mistake or for maintenance it will be much easier to remove. 

Follow these instructions and use reasonable care during assembly of the kit. This will ensure the deserved satis- 
faction of having the instrument operate perfectly the first time it is switched on. 
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NOTES ON CIRCUIT BOARD WIRING 



In line with Daystrom's policy of continual improvement of its instruments, your Hcathkit model 0-12U Laboratory 
Oscilloscope utilises printed circuit boards. Incidentally. Hcathkit models were the first kits to utilise this advanced 
technique and this experience has stood us in good stead in the design of the 0-12U Oscilloscope. 

The process of etching, printing or silk screening a wiring pattern on a circuit board is not an untried or experi- 
mental process. For years, oneof the greatest hazards to quantity production of electronic equipment has been the 
variable "stray" inductances and Rapacities caused by the physical placement of leads and components. In critical 
circuits. these variations become an uncontrollable problem. In America, during the first great expansion of tele- 
vision in the late 1940's. a television tuner was developed using printed-circuit tuned circuits. It was so successful 
that the technique was applied to millions of military electronic items where absolute uniformity, reliability and low 
cost were paramount considerations. Today, the advantages of circuit board wiring have made it an almost manda- 
tory system for any commercial electronic manufacturer. Since £ip- soldering of many connections at one time re- 
duces labour cost, there is a decided economic advantage to the technique. In kit applications, dip- soldering is not 
practicable of course. But even more important is the absolute uniformity of each unit. 

It Is this predictable uniformity that makes circuit-board wiring a major improvement in kit-constructed electronic 
instruments. For the first time, you can be sure that your oscilloscope will have the same characteristics as the 
development model. And, our engineers have been able to incorporate refinements in circuitry which otherwise 
would have been entirely swamped by the uncontrollable variables and strays introduced by conventional wiring. 

HOW A CIRCUIT BOARD IS PRODUCED 

It is important to undurstand how a circuit board is developed and manufactured so that you may fully realise its 
advantages. The board itself consists of a low-loss phenolic sheet. To one face of this sheet is bonded a layer of 
pure metallic copper. This bonding process is the result of years of research and development and has successfully 
passed the most rigid military requirements for electronic equipment. The bond is not affected by moisture, aging, 
etching solutions or normal variations in temperature. 



The circuit pattern iadeveloped after many experimental circuit layouts are tried and refined. The circuit is finally 
reduced to a drawing, bearing in mind neceaia ry clearances for voltage breakdown, capacity effects, elimination 
of undeslrad feedback possibilities and a minimum of croas-overa. The final drawing, enlarged several times for 
greater accuracy, is photographed and a negative of exact alse is produced. The copper surface of the circuit board 
is sensitised and exposed to light through the master negative. An etching process then removes all the copper ex- 
cept that protectod by the opaque areas of the negative. The result ta a copper "print" of the circuit pattern, aa 
originally drawn. 

Necessary holes a re punched through the circuit board and circuit components are then mounted. For physical sup- 
port, these parts arc generally mounted on the phenolic side of the board with their leads passed through holes and 
soldered directly to the pattern. Soldering is simple and quick, using conventional methods. 

One word of caution; we recommend that a small iron be used for circuit board soldering. The amount of heal re- 
quired is much less than used for conventional wiring. Soldering pencils are ideal; a 25 or 50 watt iron is entirely 
adequate. Soldering guns should be used carefully, since they produce heat in direct ratio to length of time the 
switch is closed. Overheating can damage the circuit board and should be avoided. It is not necessary to "aweat" 
the connections. Any of the radio grades of solder work very well. DO NOT USE SOLDER PASTES OR OTHER EX- 
TERNAL FLUXES, as they will completely ruin the circuit board. 




This illustration shows how resistors and 
capacitors may be placed in the cut edge of 
a corrugated cardboard carton until they are 
needed. Their values can be written on the 
cardboard next to each component. 
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STEP- BY- STEP ASSEMBLY INSTRUCTIONS 

Read the note on assembly on the in.-ide rear cover of the manual before you : rt work. 

BE SURE TO READ EACH STEP ALL THE WAY THROUGH BEFORE YOU START TO DO IT. 

CHASSIS SUB- ASSEMBLY (Reference Figure 2) 

( ) Mount the 8-pin valveholder V8, using 2 - 4BA x 3/8" screws, lockwashers and nuts orienting it as shown. 
(Figure 3 shows in detail how valve pins are numbered.) 

( ) Install the capacitor mounting plate at G, using 2 - 6BA x 5/16" screws, lockwashers and nuts. Install the 
40-20-20-50 uF electrolytic capacitor. Observe carefully the insuUtor of the terminal end of the capacitor 
and notice that each tag is identified by a coloured paint spot. Be sure these tags are oriented as shown in Fig- 
ure 2. Slip the four mounting lugs through the slots and hold the capacitor can firmly against the plate. Now 
twist each of the four mounting lugs about 1/8 of a turn to secure the capacitor to the plate. 

( ) Mount the voltage selector panel at FH, using 4 - 6BA x 5/16" 5crews, lockwashers and nuts. 

( ) Mount a 3-tag terminal strip at H, u.-ing 1 - 4BA x 3/8" screw, lockwasher and nut. 

( ) Mount the 2 - 7-way tagstrips at locations EH and AC, using 4BA x 3/8" screws, lockwashers and nuts. 

( ) Take the I megohm SPOT SHAPE control QQ. bend the locating peg and install as shown in Figure 4. 

( ) Insert a 5/8" rubber grommet at GC. Insert 3/8" rubber grommcts at GF and GL. 

( ) Mount the power transformer, orienting it as shown. Use 4 - 2BA x 3/8" screws, lockwashers and nuts. 
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CHASSIS WIRING 



We again suggest that you place the large pictorial fold-in diagrams on the wall above your workspace so that they 
may be referred to readily. 

Read the notes on the inside rear cover of this manual regarding wiring and soldering. Unless otherwise indicated, 
all wire used is insulated connecting wire. Wherever a possibility exists of a wire shorting to other parts, the lead 
should be protected by a length of insulated sleeving. This is indicated by the phrase, "use sleeving", in the in- 
structions. 

The leads on components are generally longer than necessary. These leads should be cut to the proper length, thus 
resulting in a neater Looking instrument. In many instances, excessive lead lengths will actually affect the operation 
of the instrument and should be avoided. 

POWER TRANSFORMER WIRING (Reference Figure 5) 
( ) Tin the slotted ends of the 4 pins of the voltage selector panel FH. 

( ) Twist together the RED, BLUE, BROWN and BLACK leads from the power transformer. Cut them to proper 
length and connect the BLACK lead to AC7 (NS). NOTE: For clarity these leads have been shown as straight 
leads. 

( ) Connect the BLUE lead to FH3 (S-l). 
( ) Connect the BROWN lead to FHl (S-l). 
( ) Connect the BED lead to FH4 (S-l). 

( ) Connect a wire from FHl (S-l) to ACS (NS). 

( ) Twist together the two BROWN leads, connect either one to EH6 (NS) and the other to EH7 (NS). 

( ) Twi.t together the two GREEN leads, connect either one to HI (NS) and the other one to H3 (NS). The varnish 
ini-ulation must be removed by scraping the exposed wire end. 

( ) Twist together the two BLUE leads, connect either one lo V8-2 (S- 1 ) and the other one to V8- 8 (NS). The var- 
nish insulation must be removed by scraping the exposed wire end. 

( ) Connect the ORANGE leads to GA on the electrolytic capacitor (NS). 

( ) Connect the YELLOW lead to EH1 (NS). 

( ) Connect one RED lead to V3-4 (S-l). 

( ) Connect the other RED lead to V8-6 (S-l). 

( ) Connect ■ wire from QQ1 on the SPOT SHAPE control (NS) to GA (NS). 

( ) Connect a wire from GA (S-4) to AC4 (S-l). 

( ) Connect a lead from G-GREEN (NS) lo QQ3 (NS). 

( ) Connect a I Kfi 8 watt resistor from G-GREEN (use sleeving) (NS) to V8-8 (use sleeving) (NS). 

( ) Connect a 4. 7 KD 2 watt re-istor (YELLOW, VIOLET, RED) from G- YELLOW (use sleeving) (NS) to V8- 8 (use 
sleeving) (NS). 

( ) Using b.ire wire and Peeving, connect a lead from G-RED (S- I) to V8-8 (S-4). 

( ) Connect a 0. 1 uF 400 volt tubular capacitor from QQ2 (use sleeving) (NS) to QQI ^S-2). 

( ) Connect the tubular rectifier between EH1 (S-2) ind AC1 (NS). The RED end must be connected to EHI. 

( ) Connect the outside foil lead of one of the 0. I uF 2000 volt capacitors lo EH3 (NS) and the other lead of this 
capacitor to AC2 (NS). Pull the leads taut to hold the body of the capacitor firmly against the chassis. The out- 
side foil lead is indicated by a black band around the capacitor body. 

( ) In the same way, connect the other 0. 1 p,F 2000 volt capacitor from EH4 (NS) to AC 3 (NS). 
( ) Connect a bare wire between EH3 (S-2) and EH4 (S-2). 

( ) Connect a bare wire between ACI (S-2) and AC2 (NS). 

( ) Connect a 470 KH 1 watt resistor (YELLOW, VIOLET, YELLOW) from AC2 (S-3) to AC3 (NS). 

( ) Take the mains lead and remove Z" of the outer braiding. To prevent fraying, bind with cotton or insulating 
tape. 



( ) Pass the Bt ripped end of the mains Lead through grommet GL, about 5" from the end, tie a knot for strain relief. 

( ) Connect the RED lead to AC6 (NS). 

( ) Connect the BLACK lead to AC? (S-2). 

PANEL SUB- ASSEMBLY 
NOTE: Place a soft cloth pad under the panel lo avoid damage. 
( ) Bend the locating peg on all control* a* shown in Figure 4. 

( ) Mount the 500 KH BRILLIANCE control (insulated shaft) AA on the back of the panel, locating the terminals as 
indicated in Figure 8. Follow Figure 4 for assembly details. 

f ) Mount the 2 megohm FOCUS control (insulated shaft) BB. 

( ) Mount the 20 Kfi centre-tapped VERT. POS. control CC. 

( ) Mount the 200 KQ centre-tapped HOR. POS. control DD. 

( ) Mountthe 2 Kil VERT. GAIN control EE. This control has 
a dummy tag for uss as a tie point. 

( ) Mount the 10 Kf) HOR. GAIN control GG. 

( ) Mount the 4- terminal VERT. ATTENUATOR wafer switch 
at HH. Be sure the terminals are oriented as shown. 

( ) Mount the 7. 5 megohm FREQ. VERNIER control KK. 

( ) Mount the 250 Kfi PHASE control at MM, locating the terminals as shown in Figure 8. 

( ) Mount the 2 megohm EXT. SYNC. AMPLITUDE control at LL. 

( ) Mount the 5- terminal SYNC. SELECTOR wafer switch at NN, being sure that the terminals are oriented as 
shown in Figure 8. This control has a dummy tag for use as a tie point. 

( ) Mount the pilot lamp socket PP. following Figure 6 for assembly details. Insert the 6v pilot lamp, 

( ) Following Figures 7 and 8, mount the VERT. INPUT terminal (RED) at RR, using the special low opacity in- 
sulators. These are the small round plastic bushes. Note that four pins project from one face of the insulators, 
■o spaced that two of the insulators can be meshed through the panel bole. Use ■ 4BA shakeproof colder lag and 
before tightening the nut, be sure that the cross-drilled wire hols is horizontal, 

( ) In thesameway, mount BLACK terminals at VV (I V P-P). SS (EXT. SYNC.) and a RED terminal at XX (HOR. 
INPUT). Be sure that the wire hole is horizontal on all three. 
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( ) Mount BLACK terminals at RRG (EARTH) and TT (T. B. OUTPUT). 

( ) Mount the tube panel ring in the large hole. The brackets go behind the panel. Use 2 - 4BA x 3/8" chrome 
plated screws, lockwashers and nuts through the panel into the bracket holes. Mount 1 - 4BA shakeproof sol- 
dertagST and 1 - 1-way tags! rip TS as shown. Be sure the welded joint in the ring is toward the bottom edge 
of the panel. 

( ) Clean the inside of the tube ring with "Thawpit" or a similar cleaner. Take the foam plastic strip and peel off 
an inch or so of the protective paper backing from the self-adhesive surface. Starting at the top, i.e. "1Z 
o'clock" position, insert the strip on the inside surface of the lube ring. Proceed completely round the ring, 
peeling off the paper backing as you progress. Cut off surplus material when completed. 

HOR/FREQ. SELECTOR SWITCH WIRING 

NOTE: The const rue tor may find it helpful to mount the switch on the base of a small upturned cardboard box. This 
will make the wiring much easier. 

( ) Identify the HOR/FREQ. SELECTOR switch. FF. the 
12-contact wafer switch. Observe thai one of the 
switch contacts has tags on both sides of the wafer. 
Using this for reference, orient the switch as shown 
in Figure 9. Also note that contact 12 is on the shaft 
side of the switch wafer. 

( ) Connect a 1 50 Kfl resistor (BROWN, GREEN, YELL- 
OW) from FF12 (S- 1) to FF8 (NS). 

i ) Connect one end of a 3" length of bare wire to FF8 
(S-2). Leave the other end free. 

( ) Connect one end of a 4" length of wire to FF7 (S- I). 
Be sure that this lead is soldered lo both of (he con- 
tacts at the position. Leave the other end free. 

( ) Connect one end of • 4" length of wire to FF9 (S-I). 
Leave the other end free, 

( ) Connect one end of a 4" length of wire to FF5 (S- I). 
Leave the other end free. 

( ) Connect one end of a 9" length of wire to FF6 (S- 1). 
Leave the other end free. 

( ) Connect a 4.7 megohm resistor (YELLOW, VIOLET, GREEN) from FFI0 (NS) to FF1 1 (NS). 

( ) Connect a 20 pF ceramic disc capacitor from FFl 1 (S-2) to FF1 (NS). 

( ) Connect a 200 pF ceramic disc capacitor from FFl (S-2) to FF2 (NS). 

( ) Connect a 0.002 uF ceramic disc capacitor from FF2 (S-2) to FF3 (NS). 

( ) Connect a 0.02 uF 500 volt ceramic disc capacitor from FF3 (S-2) to FF4 (NS). 

( ) Connect one lead of a 0. 2 uF tubula r capacito r to FF4 (use sleeving) (S-2). Connect the other lead to FF10 (NS). 

NOTE: Disregard the "outside foil'* markings on tubular capacitors. Unless otherwise stated, the outside foil may 
be connected to either terminal without affecting operation of your instrument. 

( ) Connect a 3" length of bare wire to FF10 (S- 3). Leave the other end free. 

( ) Carefully check the switch wiring against Figure 9. When satisfied that it is correct in every detail, mount the 
switch on the panel at FF. Be sure contacts FF3 and FF4 are pointing towards the lube panel ring. Follow 
Figure 4 for assembly details. 

NOTE: Throughout these instructions, we have attempted to make it possible for you to re-check your work as each 
sub-assembly is completed and wired. If this procedure is followed, the chances of your making a serious error are 
greatly reduced. It is much easier to find and correct errors in the small sub- assemblies. 
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DUAL TRIMMER WIRING 



( ) Identify the dual trimmer assembly by reference to 
Figure 10. Position the part -o that the roll of the 
trimmer plates is down, as shown in the Figu re. Con- 
nect a 3. 3 megohm 5^ precision resistor from TT1 
(NS) to TT2 (NS). 

( ) Connect one end of a 3"barewire to TT1 (S-2). Leave 
the other end free. 

( ) Connect * 330 Kii resistor (ORANGE, ORANGE. YEL- 
LOW) from TT2 (NS) to QUI (NS). 

( ) Connect a 47 ,>F mica capacitor from TT2 (NS) to UU1 
(NS). 



3 3 
MIO. 

5 V. PRECISION 




FIGURE 



( ) Connect a 36 KB resistor (ORANGE, BLUE. ORANGE) 

from UU1 (NS) to UU2 (NS). 
( ) Connect a 390 pF mica capacitor from UUI (NS) to UU2(NS). 
( ) Connect one end of a 3" bare wire to UU2 (S- J). Leave ihe other end free. 

( ) Mountthedualtrimmerassembly <s shown in FiRurc II, uiin R 2 - 6BA x $" screws, spacers, lockwashcrs and 
nuts. 



ROLL AT THE 
BOTTOM 




NOT 

USED 




RING OF BRILLIANCE 
CONTROL. 

FIG URE 12 



PANEL WIRING 

( ) Refer to Figure 12. Note that on the BRILL1ANCE/ON-OFF switch only two of the four switch tags are used. 
Bend down Ihe two unused tags. 

( ) Connect a 680 KI2 1 watt resistor (BLUE, GREY, YELLOW) from AA3 on the BRILLIANCE control (S-l) to TS 
(NS). See Figure 13. 

( ) Connect a 22 KII resistor (RED, RED. ORANGE) from DD2 on the HOR. POS. control (use sleeving) (S-l) to 
ST (S-l). 

( ) Connect a 33 Kii resistor (ORANGE, ORANGE, ORANGE) from CC4 on the VERT. POS. control (S-I) to EE1 
on the VERT. GAIN control (NS). 
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J Connect a 220fi resistor (RED, RED, BROWN) from EE1 on the VERTICAL GAIN control (use sleeving) (NS) to 
EE4 (use sleeving) (S-l). 

) Using bare wire and sleeving, connect GG3 (S-l) to KK2 (NS). 

) Connect the short bare wire from FF10 to KK2 (NS). Cut to length. 

) Connect the wire from FF8 to KK3 (S-l). Cut to length. 

) Using bare wire and sleeving, connect KK2 (S-3) to LLi (NS). 

) Connect one end of a 3" bare wire to 1X3 (S-2). Leave the other end free. 

) Connect the free end of the wire (other end previously soldered to FF6 on the HOR/FREQ. SELECTOR switch) 
to XX on the HOR. INPUT terminal (S-l). 

) Connect one end of a 5" wire to CC2 on the VERT. POS. control (S-l). Leave the other end free. 

) Connect one end of a 16" wire to EE1 on the VERT. GAIN control (S-3). Leave the other end free. 

) Connect one end of a 3" wire to EE2 (S-l). Leave the other end free. 

) Connect one end of a 4" wire to GG2 on the HOR. GAIN control (S-l). Leave the other end free. 

) Connect a short bare wire from HH4 on the VERT. ATTENUATOR switch (S-l) to RR, the VERT. INPUT ter- 
minal (NS). 

) Connect one end of a 3" bare wire to HH2 (S-l). Lam the other end free. 
) Connect one end of a 3" bare wire to HH3 (S-l). Leave the other end free. 

) Connect a wire from LL2onthe EXT. SYNC. AMPLITUDE control (S-l) to NN4 on the SYNC. SELECTOR (S- 1 ). 
) Connect a wire from LLI (S- 1) to the EXT. SYNC, terminal SS (S- 1). 

) Connect one end of a 5" wire to VV on the 1 V. P-P terminal (S-l). Leave the other end fre«. 

) Connect one end of a 5" wire to NN5 on the SYNC. SELECTOR switch (S-l). Leave the other end fr««. 

} Connect one end of a 5" wire to NN3 (S-l). Leave the other end free. 

) Connectone lead of a 0.2 uF 200 volt tubular capacitor to NN6 (use sleeving) (NS) and the other lead to TT(use 
sleeving) (S-I). 

) Connect one end of a 4" length of wire through MM2 on the PHASE control (NS) to MM1 (S-l). Now solder 
MM2. Leave the other end free. 

) Connect one end of a 4" length of wire to MM3 (NS). Leave the other end free. 

) Twist together two 5" lengths of connecting wire. Strip all four ends. At one end of this pair, connect cither 
lead to PP1 (S-I). Connect the other lead to PP2 (S-l). Leave the other end free. 

) Identify the panel end of the cable assembly or harness. This is the end with five leads, two BLACK conductors 
with thin insulation and three conductors with thick, or high-voltage insulation. These high-voltage conductors 
are colour coded BROWN. GREY and RED. The abbreviation HV, will refer to the conductors with heavy-wall 
insulation. Refer to Figure 13. 

) Place the panel end of the cable near the BRILLIANCE control AA. Connect the BROWN HV lead to AA2 (S-l). 
) Connect the RED HV lead to AA1 (S-l). 

) Connect either of the BLACK leads to AA4 (S-l) and the other to AA5 (S-I). 
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( ) Connect the GREY HV lead to TS (S-2). 

( ) Route the cable along the top edge of the panel to the FOCUS control, then down along the "horizontal channel" 
side of the panel (the right edge viewed from the front). 

( ) Near the FOCUS control, connect the GREY HV lead to BB3 (S-l). 

f ) Connect the ORANGE HV lead to BB1 (S-I). 

( ) Connect the YELLOW HV lead to BB2 (S-l). 




( ) Just below the HOR. POS. control, route the branch of the cable with the GREY .ind BLUE wire* across the 
panel, between the tube ring and the HOR/FREO. SELECTOR switch, to the VERT. POS. control. 

( ) Connect the GREY wire to CCI (S-l). 

( ) Connect the BLUE wire to CC3 (S-l). 

( ) Connect the VIOLET wire to DDI (S-l) and the BROWN wire lo DD3 (S-l). 
( ) Connect tli« WHITE wire to DD4 (S-l). 
( ) Connect the GREEN wire to NN6 (S-2). 
Refer now to Figure 14. 

( ) Attach the front panel to the chassis, using 4 - 4BA x 3/8" chrome plated screws, loekwashers and nuts ns 
shown in Figure 20. Install a 4 BA shakeproof -older tag at location Y. Be sure the cable assembly is inside 
the bracket. 

( ) Connect the bare wire (other end previously soldered to TT1) to RR, the VERT. INPUT terminal (S-2). Cut to 
length. 

( ) Connect the bare wire (other end previously soldered to HH3) to TT2 (S-4). 
( ) Connect the bare wire (other end previously soldered to HH2) to UU1 (S- 5). 

( ) Connectthebarewire (other end previously soldered to UU2) to RRG, the EARTH terminal (use sleeving) (NS). 
( ) Connect a short wire from RRG (S-2) to the solder tag Y (NS). 

( ) Connect the short bare wire (other end previously soldered to LL3, the EXT. SYNC. AMPLITUDE control) to Y 
(S-2). 
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CIRCUIT BOARD WIRING 

Before attempting any workon the circuit boards, study Figure 15 and read the general instructions below carefully. 



SOCKET TAGS 
BENT OVER TO HOLD 
V/HOLOER TO BOARD. 



FOIL 
CIRCUIT 
ON THIS SIDE 
OC BOARD 



COM PON INT 
MARK IN OS ON THIS 
SIDE OF BOARD 



LEADS SPREAD 
AFTER INSERTION IN HOLES 




LEAD 
CLIPPED 
AFTER SOLDERING 



GENERAL CIRCUIT BOARD WIRING PRACTICE 

FIGUR E 15. 



The following general rules are very simple and a few minutes spent in learning them will be an excellent invest- 
ment. The growing application of circuit boards to all electronic equipment will soon require all technicians to be 
familiar with these practices. 

1. NEVER USE SO-CALLED "NON-CORROSIVE" PASTES OR OTHER FLUXES. The copper foil on the circuit 
board hag been specifically processed for ease in soldering. It will take solder perfectly, provided radio-grade 
resin-core solder is used. Very little solder is required to make a perfect connection. Try to prevent flow 
of flux onto the circuit board proper. Use only the thin gauge solder supplied with this kit. 

2. DO NOT OVERHEAT THE CONNECTION. A 25 or 50 watt iron is entirely adequate for circuit board wiring. 
A soldering pencil is ideal. If a soldering gun is used, be very careful to avoid excessive heating. Try to de- 
velop a technique of "solder it and gel off". 

3. Remember that components are generally placed on the phenolic side of the board, with their leads passing 
through holes to the foil side of the board. Bend the leads slightly to prevent parts falling out as they are mount- 
ed, It is generally easier to mount most or all the parts in this way and then solder all the connections as one 
time. 

4. The markings on the phenolic side of the board are there to assist you in wiring and to expedite your assembly. 
Follow the wiring sequence diagrams (Figures 16, 17. 18 and 19) so that no parts or jumpers are omitted. 



SPECIAL NOTE: The tags of the valveholders supplied in ihis kit may be slightly longer than is necessary. The 
possibility exists that one of the tags may bridge across the circuit board and cause a short circuit. If too long, the 
tags should be shortened by clipping off a short length before installing the valveholder. In addition, the valveholders 
may be supplied with a circular tape disc as a tag retainer. This disc is to be removed after the valveholder has 
been soldered to the circuit board. 

FRONT (LARGE) CIRCUIT BOARD WIRING 

( ) Insert 7-pin valveholders inthe holes marked VI, V4 and V9- The body of the valveholder goeB on the phenolic 
side of the board, with the contact extending through to the pattern or foil tide. Align the blank space of the 
valveholder with the arrow printed on the side. Fan out the valveholder contacts enough to prevent the valve- 
holder from falling out. Then rotate the valveholder slightly to obtain exact alignment between valveholder 
contacts and circuit pattern. BE SURE that no valveholder contact falls in the blank area of the circuit pattern. 
Carefully solder each contact to the adjacent pattern. Do not attempt to cut off the top oJ the contact after sold- 
ering. 

( ) Next install the 9-pin valveholders V5 and V6. 

Figure 16 is the wiring sequence diagram for the front circuit board. Start with Step 1, in the upper left corner 
and follow the numbered operations a round the boa rd in clockwise order. Observe the special instructions for mount- 
ing the 5 Kll 8 watt resistor in Step 9. This part is mounted above the circuit board to provide better heat dissipa- 
tion. DO NOT CONFUSE J WATT AND I WATT RESISTORS. Be sure to use the part called up. In most cases, 
the lead holes are spaced precisely to accept the leads of the component when they are bent sharply down as near 
the component body as possible. IF THE PART DOES NOT SEEM TO MATCH THE HOLES. RECHECK YOUR 
WORK. It is possible that the part is not the correct one. Slip both leads through the holes, spread them slightly 
to prevent the part falling out. but DO NOT CUT OFF EXCESS LEAD LENGTHS AT THIS TIME. 

Note that there la a space ( J in each instruction box lor checking- After all the parts have been mounted. GO BACK 
AND RECHECK YOUR WORK COMPLETELY, checking off each operation in the space provided. Remember, an 
crrorfoundnowwill save much difficulty later on. Observe the polarity markings of the condenser installed in Step 
36. 

After youarc satisfied that the board is correctly wired, carefully solder each lead to the circuit pattern, using the 
technique outlined previously. Then cut off the excess leads neatly close to the solder fillet. Check all soldered 
joints. 

AFTER the operations outlined in Figure 16 have been completed: 

( J Mount the 40-40-10 pF electrolytic capacitor at F. It is important that the coloured lags are inserted in the 
correct locations as shown. DO NOT attempt to mount ihis capacitor by twisting the mounting lugs in convent- 
ional fashion, but solder the mounting lugs Co the circuit pattern surrounding the slots. Then solder the capacitor 
terminals in the same way. Do not attempt to cut off the tips of the lugs or terminals. 

REAR (SMALL) CIRCUIT BOARD WIRING 

( ) Mount the three 9-pin valveholders and fan out the contacts. However, before soldering the valveholders to 
the circuit pattern, connect a short bare wire from pin 3 to pin 8 of valveholder V3 and V7. See Figure 18. 
Then solder the valveholders in place, being sure that the short jumper is well soldered to the contacts and to 
the circuit pattern. 

Following Figure 19, proceed to complete the rear circuit board. Start at the top centre of the board and progress 
clockwise. When mounting the five peaking coils, hold the coil form tightly against the circuit board while spreading 
the terminals slightly. This will ensure that the coil form is perpendicular to the circuit board when the connections 
are soldered. 

Follow the general procedure outlined for the front circuit board regarding assembly, soldering and lead clipping, 
and checking of soldered joints. 
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FIGURE 19. 



AFTER the operations outlined in Figure 19 are completed: 

( } Assemble the Z-axis BLACK terminal to the circuit board using the 4BA clearance hole provided. The body 
of the terminal goes on the foil side of the circuit board. Use a 4BA nut and lockwasher on the phenolic side. 
(See Figures 18 and 28.) NOTE: The two insulating bushes are NOT used in this instance. 

t ) Now mount the rear circuit board inside the tube- support bracket, following Figure 20 for assembly details. 
Use 8 - 6BA x 5/16" screws, lockwashers and nuts. The foil side of the board goes towards the rear of the 
instrument with the tubular electrolytic capacitor at the bottom. 
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( ) Mount the tube- support bracket to the chassis, using 4 - 4BA x J/8" screws, lockwashers and nuls. It will be 
helpful to insert the screw under the tubular electrolytic capacitor before the bracket is placed on the chassis. 
See Figure 20. 

( ) Mount the front circuit board to the chassis brackets, using 6 - 6BA x 5/16" screws, lockwashers and nuts as 
shown. Be sure the board is positioned as shown, with the electrolytic capacitor to the rear. See Figure 20. 
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FINAL WIRING 

Panel to front circuit board (see Figure 21). 

( ) Identify the free end of the wire connected to CC2. the VERT. POS. control. Cut the wire to length to reach to 
the hole marked CC2 of the front circuit board, leaving about J" for .lack and allowing 3/8" for stripping. 
Strip and insert the bare wire through the hole. Bend the end over slightly to secure the wire in place but do 
not solder. 

Following the above procedure, connect the following leads to their respectively identified holes on the front circuit 
board: 

( ) From the HOR. GAIN control - GG2. 
{ ) From the VERT. GAIN control - EE2 ( ) From the HOR/FREQ. switch - FF5 

( ) From the PHASE control - MM3 ( ) From the HOR/FREQ. switch - FF7 

( ) From the PHASE control - MM2 ( ) From the HOR/FREQ. switch - FF9 

( ) From the SYNC. SELECTOR switch - NN3 ( ) From the 1 V P- P terminal - VV 

( ) Connect the positive end of a 40 uF 150 volt capacitor to the hole marked "H. GAIN" {use sleeving) (NS). Con- 
nect the other lead to GG1 (use sleeving) (S-l). Position this capacitor clear of valveholder V6. 

( ) Connect one lead of a 0.05 uF 250 volt capacitor to MM3 (use sleeving) (S-2). Connect the other lead of this 
capacitor to the hole marked "PHASE" (use sleeving) (NS). 

( ) Connect one lead of a 0. I uT 600 volt capacitor to HHI (use sleeving) (S-l). Connect the other lead of this cap- 
acitor to the hole marked "VERT. INPUT" (use sleeving) (NS). 

( ) Carefully recheck the above connections. When satisfied that the work is done correctly, solder each of the 1 3 
points below the circuit board and clip off any excess U»ds. 

Under chassis wiring. Refer to Figures 5 and 22. 

( ) Route the cable back along the "horizontal" chassis edge to grommet GC. Pass the longer branch of tho cable 
up through grommet GC. Connect the two RED HV leads to AC 3 (S-4). 

( ) At mid-chassis, connect the ORANGE HV cable lead to the front circuit board at the point marked "ORG HV" 
(S-l). 

> 

( ) Connect the WHITE cable lead to the point marked "WH" (S-I). 

( ) Connect the GREY HV cable lead to QQ2 on the SPOT SHAPE control (S-2). 

( ) Connect a lead from G— YELLOW on the electrolytic capacitor (NS) to the point marked "G*" (S-l). 
( ) Connect a lead from G- PLAIN (NS) to the point marked "G- " (S-l). 

( ) Connect one of the leads from the pilot light socket to PPl (S-l) and the other to PP2 (S- 1). 
( ) Connect a lead from QQ3, the SPOT SHAPE control (S-2) to circuit board point "QQ3'tS-l). 

( ) Route the short branch of the cable across the chassis to capacitor G. Connect the YELLOW cable lead to G- 
YELLOW (S-3). 

( ) Connect the RED cable lead to G- PLAIN (S-2). 

( ) Connect the ORANGE cable lead to G-GREEN (S-3). 

( ) Connect either of the BLACK leads to AC5 (S-2). 

( ) Connect the other BLACK lead to AC6 (S-2). 

( ) Twist together two 13" lengths of connecting wire. Strip all four ends. Connect either wire at one end of this 
twisted pair to HI (NS) and the adjacent wire to H3 (NS). At the other end. connect a lead to each of the points 
marked X. Solder the two points. 
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( ) Twist together two 20" lengths of connecting wire. Strip all four ends. Connect either wire at one end of this 
twisted pair to EH6 (S-2) and the adjacent wire to EH7 (S-2). Route the twisted pair through grommet GF. 

Above chassis wiring. Refer to Figure 23. 

( ) Insert a 3/8" grommet at GN and route the twisted pair from GF as shown. Pass the leads through GN and for 
the present leave free. 

( ) Above the chassis, separatethe cable branches at grommet GC. Route the GREY-RED pair across the chassis, 
forming it into the lip of the tube- support bracket. At the "vertical channel" side, connect the RED lead to the 
point marked RED on the rear circuit board (NS). 

f ) Connect the GREY lead to the point marked GREY (NS). 

( ) Pass the main cable up the "horizontal channel" side of the tube-support bracket. Fan out the branch contain- 
ing the GREEN, BLUE, YELLOW, BROWN, VIOLET and the long and short ORANGE leads so that they remain 
on the front side of the bracket. Insert a 5/8" grommet at GD and pass the remainder of the cable through the 
grommet, 

( ) Connect the GREEN lead to the point marked GREEN (NS). 

( ) Connect the BLUE lead to the point marked BLUE (NS). 

( ) Connect the short ORANGE lead to the point marked ORANGE (NS). 

( ) Connect the YELLOW lead to the point marked YELLOW (NS). 

( ) Connect the BROWN lead to the point marked BROWN (NS). 

( ) Connect the VIOLET lead to the point marked VIOLET (NS). 

( ) Rocheckthe above connections and when satisfied that they have been made correctly, solder the eighl connect- 
ions on the rear of the circuit board. Clip off any excess leads. 

( ) Connect the ORANGE wire emerging from the cable assembly near grommet GD to "CRT2" (S-i) on the front 
circuit board, near the 8 watt resistor. 

( ) Strip one end of a 16" length of connecting wire and connect it to the point marked "H-OUT" (5- 1) on the front 
circuit board. Pull the wire straight back, around the body of valveholder V6 and to the rear circuit board. 
Measure carefully to the point marked "HOR. IN", allow about 1" for stripping, strip and push the wire through 
the hole. Then pull it taut, so that the wire dears the 8 watt resistor on the front circuit board and solder the 
connection at the rear. Do not cut off the excess wire; it will be required later. 

( ) Using the same technique, connect the lead previously soldered to EEI on the VERT. GAIN control to point 
"EE1 " on the rear circuit board (S-I). Clip the excess wire. Route the lead clear of valveholder V8. 

( ) Prepare a length of 300Ii transmission line as shown in Figure 24. Follow the dimensions as closely as you 
can. Twist the strands of each conductor together and tin. At the panel end, connect one lead to NN2 (S-l). 
Connect the other lead to NN1 (S-l). Pass the line up above the front circuit board and straight back to points 
marked "SYNC *■ and -" on the rear circuit board. Do not twist the line. Pass the 1" tinned leads through the 
two holeB, pull taut and solder the two connections. Trim off excess leads. 

( ) Identify the (op shield, referring to Figure 25. Mount a I-way tagstrip J, using 1 - 4BA x 3/8" screw, lock- 
washer and nut. 

( ) Mount the bottom shield to the front circuit board, using 2 - 4BA x 3/8" screws, lockwashers and nuts and a 
4-way tagstrip on each screw, as shown in Figure 25. BE SURE the shield is mounted as shown in Figure 25, 
withthe notched corner next to the panel. If the shield is not mounted in this manner, the heater conductor will 
be shorted and thecircuit board destroyed. Also BE SURE that the terminal strips are oriented as shown, with 
the tags away from the shield. Do not tighten the hardware yet. 

( ) Slip the top shield under the screw heads and tighten both screws securely. 

( ) Connect one lead of a 0. 1 uF 250 volt capacitor to EE3 (S-l) on the VERT. GAIN control. Connect the other 
lead to J2 (S-l). See Figure 23. 
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( ) Connect one end of a 10" length of connecting wire to JI (S- 1). Strip the other end to expose about 1 " of bare 
wire, push the stripped end through the hole in the rear circuit board, marked "VERT. IN", pull the wire taut 
and solder the connection. Cut off the excess wire. 

( ) Twist together two 10" lengths of connecting wire. Strip all four ends. At one end of the pair connect either 
wire to "X" on the rear circuit board (S-I). Connect the adjacent end to the other "X" (S-l). Pass the twisted 
pair through grommrt GF and below the chassis. At the other end of the pair, connect one lead to HI (S-3) and 
the other to H3 (S-3). 

( ) Lay the scopeover on its left side, and wire the two 4-way tagstrips mounted on the flange of the bottom shield. 
The front terminal strip will be designated by the letter L (left) and the rear one by R (right). On each strip 
the tags are numbered left to right (front to rear). Refer to Figure 26 for placement of parts. 

( ) Connect the free end of the wire previously soldered to NN5 on the SYNC. SELECTOR control to LI (NS). 

( ) Strip both ends of a 2j" length of wire, and push one end into the hole in the circuit board marked GR. Solder 
the wire to the foil. Then connect the other end of the wire lo L3 (NS). 

( ) Similarly, with a 4" length of wire connect hole PL (S- 1) to tag R4 (NS). 

( ) Similarly, with a 1 length of wire connect hole KA (S-l) to tag Rl (NS). 

( ) Connect a I megohm resistor (BROWN, BLACK, GREEN) from L3 (NS) to L4 (NS). 

( ) Connect a 10 pF ceramic disc capacitor from L3 (S-3) to L4 (NS). 

( ) Connect a 470 Ktl resistor (YELLOW, VIOLET, YELLOW) from L4 (NS) to Ri (NS). 

( ) Connect i .25 pJ 400 volt tubular capacitor from LI (use sleeving) (S-2) to L4 (S-4). 

( ) Connect a short bars wire from tag F* on the electrolytic capacitor (S-l) to R3 (NS). 

( ) Connect a 1 50 KO resistor (BROWN, GREEN, YELLOW) from R3 (S-2) to R4 (NS). 

( ) Connect a 33 Kfl resistor (ORANGE, ORANGE, ORANGE) from R4 (NS) to R2 (NS). 

( > Connect a . I uF 250 volt tubular capacitor from R4 (S-4) to R2 (NS). 

( ) Connect an 8200 resistor (GREY, RED, BROWN) from Rl (S-3) to R2 (S-3), 




FIGURE 2 6. 
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CATHODE RAY,TUBE INSTALLATION AND AIRING 

( ) MounI the two small brackets on the rear side of the tube-support bracket as shown in Figure 27, using 2 - 4BA 
x 3/8" screws, lockwashers and nuts. 

( ) Refer to Figure 27. Insert a length of rubber cushion strip over each clamp ensuring that the clamp is seated 
in the groove, cut off surplus materials. 

( ) Assemble one half as the lower tube clamp using 2 - 4BA x |" screws, lockwashers and nuts. 

CAUTION: Carefully open the carton containing the I 324C cathode ray tube. Handle the tube with reasonable cau- 
tion, since it has been highly evacuated. Should the envelope he broken the resulting implosion could spray the area 
with shattered glass with possibly seriou* consequences. Avoid handling the lube while wearing diamond rings which 
might scratch the glass. Do not strike the envelope with tools and do not subject it to impact or shock. 

( ) Slip the screen end of the tube through the panel ring and rest the base on the lower half of the tube clamp. 
Positionthetubewithpin4 st raight upand the base about 1.1/8" behind the tube- support bracket. (Figure 27. ) 

( ) Place the other half of the tube clamp over the base and gently tighten down using 2 - 4BA nuts and lockwashers. 

Note that pins on this tube are numbered clockwise, starting with the first pin clockwise from the keyway. Refer 
to Figure 28. 

( ) Mount a 2- way tagst rip K on the 14- contact tube socket CRT. using the tapped hole next to contact 1 of the socket 
using I - 6BA x 5/16" screw and lockwasher. 

NOTE: In making connections to socket CRT, leave enough slack in the leads to permit rotating the socket through 
10 degrees either way from its present position. This i» necessary to level the undeflected horizontal Irace on the 
face of the tube. 

( ) Carefully fit socket to CRT base. 

( ) Connect a 0. 1 uF 250 volt tubular capacitor between Kl (use sleev.ng) (NS) and K2 (use sleeving) (NS). 

( ) Connect one lead of a 100 KO re: istor (BROWN, BLACK, YELLOW) to KZ (NS) and the other lead to CRT3 (use 
sleeving) (NS). 

( ) Connect a bare wire link (us* sleeving) between K2 (NS) and CRT) (NS). 

( ) Connect i 470 KD resistor (YELLOW, VIOLET, YELLOW) from Kl (NS) to CRT* (use sleeving)-(NS). 

( ) Route the cable over the CRT socket *ind form it as shown in Figure 28. Connect the RED HV lead to K2 (S-4). 

( ) Connect the BROWN HV cable lead to Kl (S- 3). 

( ) Connect the YELLOW HV cable lead to CRT5 (6-1). 

( } Connect the GREY HV cable lead to CRT9 (NS). 

( ) Connect a wire from CRT9 (S-2) to CRT4 (NS). 

( ) Connect the ORANGE cable lead to CRT2 (S-2). 

( ) Cut a 15" length of connecting wire and pass 2" through the rubber insulator of the CRT anode connector, see 
Figure 28. Solder the wire to the metal Insert and then gently pull wire back through the insulator until the metal 
insert is housed in the insulator. 

( ) Lightly press the connector on to the CRT side contact A4. 

( ) Pass the free end of the wire through GN and connect to CRT4 (S-2). 

( ) Take the twisted pair passing through grommet GN. Connect either lead to CRT1 (S-2) and the other lead to 
CRT14 (S-l). 
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( ) Cut two pieces of connecting wire, each 8" long. Strip all four ends. Do not twist. Connect one lead from 
CRT7 (S- 1) to the tag on valveholder V7 (marked "CRT7") (S- 1). Connect the other lead from CRTS (S-l) to the 
tag on valveholder V7 marked "CRTS" (S- 1). Note: These connections have both been soldered previously in 
assembling the circuit board. It is not necessary to crimp these leads to the contacts of V7. Simply heat the 
contact slightly, insert the wire in the solder fillet, remove the iron and hold the lead until the joint cools. 

) Connect a 7}" lead from CRT3 (S-2) to the point marked "CRT3" (S- 1). 

) Connect one of the 33 u-H chokes between ihe two points on the rear circuit board each marked "CRT10" (S-l). 
Cut off excess leads. 

) In a similar manner, connect the other 33 uH choke between the two points each marked "CRT11" (S-l). Cut 
off excess leads. 

) Connect a *j" length of connecting wire between the hole adjacent to the upper point marked "CRT10" (S-l) and 
the tube socket CRT10 (S- 1). 

) In a similar manner, connect a 4$" length of connecting wire between CRTU (S-l) and the lube socket CRT11 
(S-l). 

) Connect a 4^" length of connecting wire between the EARTH conductor (S- 1) and terminate the other on the Z- 
axis terminal, see Figure 28. 

FINAL ASSEMBLY 

IMPORTANT WARNING: MINIATURE VALVES CAN BE EASILY DAMAGED WHEN PLUGGING THEM INTO THEIR 
VALVEHOLDERS. THEREFORE, USE EXTREME CARE WHEN INSTALLING THEM. WE DO NOT GUARANTEE 
OR REPLACE MINIATURE VALVES BROKEN DURING INSTALLATION. 

Support the underside of the circuit boards wnen inserting the valves. 

( ) Insert valvoa in valveholders as follows: 



Valveholder VI - EC92 

Valveholder V2 - ECF80 

Valveholder V3 ■ 12BH7 

Valveholder V4 - 6J6 

Valveholder V5 - 12AU7 



Valveholder V6 - 12AU7 

Valveholder V7 - 12AU7 

Valveholder V8 - GZ34 

Valveholder V9 - 6C4 



( ) Insert the 1 amp fused plug in tho voltage selector panel at the appropriate voltage tapping to suit your mains 
supply. 

( ) Install the 4 skinless knobs on the following controls: 

BRILLIANCE FOCUS 

VERTICAL POSITION HORIZONTAL POSITION 

( ) Install the 8 skirted knobs on the other controls. Adjust the knob and tighten the grub screws so that the pointer 
indicates as follows in the full clockwise position: 

VERT. GAIN - 100 
VERT. ATTENUATOR - XI 

FREQ. SELECTOR - Line between 100 kc and 500 kc 
FREQ. VERNIER - 100 
HOR. GAIN - 100 

PHASE - Last clockwise marking 

EXT. SYNC . AMPLITUDE - Last clockwise marking 

SYNC. SELECTOR - E-XT. 

( ) Mount the cover plale on the back of the cabinel with a 4BA x 3/8" chrome plated screw. 

( ) Install the handle on the top of the cabinet, using 2 - 2BA x 5/8" chrome plated screws, lockwashers and nuts. 




( ) Install the rubber feet on the bottom of the cabinet as shown in Figure 29. 
( ) Insert a 5/8" rubber grommet in hole at rear of cabinet. 
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( ) Assemble the pair of leal leads, one RED and one BLACK, as shown in Fieure 30. 

CROCODILE CUP FIGURE 30 

SCREW TERMINAL 




This complete I the actual construction and *inng of your Heathkit model O- 1ZU. 



SECU RING lead 
TO PLUG 



Before attempting to operate the instrument, rt- check each step in the wiring against the pictorial diagrams. It is 
sometimes helpful to mark each lead on the diagram with a coloured pencil as il is checked. This precludes the 
possibility of missing a connection. When satisfied that the wiring is complete and correct, proceed with the ad- 
justment and testing of the instrument. 

CAUTION: The voltages in the instrument arc dangerous. Extreme care should be exercised whenever the instru- 
ment is connected 10 the AC mams without being installed in its case. DO NOT connect the mains lead to an AC 
outlet until you have read and fully understand the lollouing instructions on testing the oscilloscope. 



Some o 
ever th 

to change po sit ion o 
and r"OC US control 
moving the O- l£U. 



10 adjustments which must be made on the instrument cannot be periormed with Ihe cabinet in place. Whcn- 
O- I2U is operated without the cabinet, be sure to remove the mains lead from the outlet before attempting 
' ihe scope on ihe bench. Some of the highest voltages in the circuit appear on ihe BRILLIANCE 
erminals. just balm the top edge of the panel. II is easy to touch one of these terminals when 

ADJUSTING THE OSCI LLQ6COPB 



( ) Set the controls as follows BEFORE connecting the mains lead to an AC outlet: 



BRILLIANCE 
FOCUS 

HORIZONTAL POSITION 
VERTICAL POSITION 
VERT. GAIN 
HOR/FREQ. SELECTOR 
IIOR. GAIN 
VERT. ATTENUATOR 
FREQ. VERNIER 
PHASE 

EXT. SYNC. AMPLITUDE 
SYNC. SELECTOR 
SPOT SHAPE 



Fully anti-clockwise 
At approximate centre of rotation 
At approximate centre of 
At approximate centre of 
Fully anti-clockwise 
Fully antt-clockwtac 
0 

XIO0 
so 

At approximate centre of rotation 

Fully anti-clockwise 

EXT. 

Ac approximate centre of rotation 



( ) 



( ) 



( ) 



Connect the mains lead to a Z00-2Wlvolt 40-60 cycle AC outlet. Ensure that the fused plug is in the appropriate 
tap. CAUTION: This intrument will not operate and may be seriously damaged if connected to a DC supply or 
lo a supply other than that mentioned. 

Turn the BRILLIANCE control fully clockwise. The pilot light should light and all valve heaters should glow 
red. Allow about one minute for the valve heaters to reach operating temperature. 

Watch the screen of the CR lube carefully until a green spot appears. Reduce the brightness of the spot at once 
by rotating the BRILLIANCE control anti-clockwise. Now adjust the FOCUS control to reduce the size of the 
spot to a minimum. 



CAUTION: DO NOT PERMIT A HIGH INTENSITY SPOT TO REMAIN STATIONARY ON THE SCREEN FOR ANY 
LENGTH OF TIME. THIS MAY DESTROY THE FLUORESCENT MATERIAL ON THE SCREEN AND LEAVE A 
DARK SPOT. 



( ) Rotate the HORIZONTAL POSITION cont rol and notice that the spot moves horizontally across the screen. Now. 
using the VERTICAL POSITION control, move the spot up and down. Adjust these two controls so thai the spot 
is centred on the screen. 



If no spot appears, rotate both the HORIZONTAL and VERTICAL POSITION controls simultaneously, since the 
controls may position the spot well off the screen. It may also be necessary to readjust the FOCUS and BRILL- 
IANCE controls to form the spot. If again no spot appears, some error has been made in assembly or wiring. 
Refer to a later section of this manual, entitled IN CASE OF DIFFICULTY, for a fault finding procedure. 

( ) With the spot centred on the screen, adjust the SPOT SHAPE control (at the right side of the chassis) to produce 
the 'spot as round as possible. It may be necessary to readjust the FOCUS and BRILLIANCE controls several 
times during this procedure as there is some interaction between the three circuits. The result should be a 
sharply defined spot of small size, the brightness of which can be varied with the BRILLIANCE control. 
CAUTION: In making this adjustment, be careful not to touch any of the wiring at the rear of the chassis. 

( ) Using one of the test leads, connect the 1 V. P-P terminal to the HOR. INPUT terminal. Turn the HOR. GAIN 
control clockwise. The spot should now become a horizontal line, whose length increases to a maximum of 
about 1^" as the HOR. GAIN control is advanced. If the trace is not level, indicate the slope of the line with a 
wax pencil or crayon on the glass face of the CR tube. Turn off the power , loosen the tube clamp on the base 
of the CR tube and rotate it slightly until the markings are horizontal. Tighten clamp and check trace to see 
that il is level. CAUTION: DO NOT ATTEMPT TO MAKE THIS ADJUSTMENT WITHOUT TURNING OFF THE 
INSTRUMENT. SOME SOCKET CONTACTS ON THE CR TUBE HAVE A POTENTIAL OF APPROXIMATELY 
1200 VOLTS; CONTACT TO THESE TERMINALS COULD EASILY BE FATAL. 

( > Next, connect the test lead from the IV. P-P terminal lo the VERT. INPUT terminal. Rotate the VERT. GAIN 
control clockwise and note that the trace Is now vertical and again is controlled in length by the setting of the 
control. Switch the VERT. ATTENUATOR control to X10. The line now can be extended to the same length 
at a fairly low setting of the VERT. GAIN control. Try the XI position and notice that the same height can be 
obtained with a very small amount of vertical gain. 

( ) Set the SYNC. SELECTOR switch to the *INT. position, .he HOR. GAIN control to 30. the VERT. ATTENUATOR 
•witch to X10 and the VERT. GAIN control lo 100. Now set the HOR/FREQ. SELECTOR to the lino botwocn 
10 and 100 and adjust the FREQ. VERNIER lo obtain a pattern consisting of four complete sine waves similar 
to that shown in Figure 31. This check indicates that the time base generator is operating normally at a fre- 
quency of 50/4 or 12$ cycles per second. Reduce the HOR. GAIN setting if necessary. The breaks arc caused 
by the fields of the power transformer. This will not 
be present with the external signal. 

( J Disconnect the lust load from the 1 V. P-P terminnl. 
Turn off the power and connect the ircc end of the test 
lead to the excess lead from the HOR. IN on the rear 
circuit board. Set the FREQ. SELECTOR to the line 
between 1000 and 10 K and the FREQ. VERNIER to 0. 
Now turn on the power. The trace should now be simi- 
lar to that in Figure S2A or B. Reduce both gain con- 
trol settings so that the trace is about 2" long. 



A A f\ A 




V V V \ 




ABC 

TRIMMER CAPACITY TRIMMER CAPACITY TRIMMER 

LOW HIGH PROPERLY ADJUSTED 



( ) With the VERT. ATTENUATOR switch in the X10 position, adjust trimmer TT until the AB portion of the trace 
disappears and only a straight sloping line is left. (TT is the front trimmer on the left panel bracket.) 
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( ) Swilch the VERT. ATTENUATOR switch to the X100 ,x>sition and adjust trimmer UU to obtain the same result. 
In this adjustment, you will not ice that the slope of the BC portion of the trace is more nearly horizontal because 
of the lower vertical gain being employed. The adjustment can still be made very accurately. Turn ,x>wer off 
and disconnect the test lead from rear circuit board. Clip off excess wire at "HOR. IN". 

The adjustments just made are to compensate the vertical input ••ttcnuators so that they are not frequency con- 
scious. This compensation preserves the excellent frequency response of the vertical amplifier even with high 
input attenuation. 

( ) Carefully trimthegrccn plastic graticule to sire so that it slips snugly within the foam plastic lined panel ring. 
Insert the graticule so that it rests against the face of the tube. 

( ) Take the spring retainer .rnd close together with the thumb and forefinger. Insert the spring into the panel ring 
so that it fits against the graticule and release pressure. 

( ) The chassis should now be installed in the cabinet. Pass the mains lead through the hole in the back of the cab- 
inet, then slide thechassis in and fasten it in pl-ce using I - 4BA x J/8" chrome plated screws through the back 
of the cabinet into the tapped pillars at rear of the chassis. 

This completes the construction and adjustment of your Heathkit model O-IZU Oscilloscope. 

OPERATION OF THE OSCILLOSCOPE 

The uperation of an oscilloscope and its many controls is quite simple once the basic principles are clear. 

The controls can be divided into groups with specific functions. 

Two knobs, marked BRILLIANCE and FOCUS, com rol the quality of the t race. The BRILLIANCE control adjusts 
the brightness and the FOCUS control sharpness of the trace on the oscilloscope screen. 

Two knobs, marked VERTICAL POSITION and HORI70NTAL POSITION, control the location of the t race on the 
screon. Turning the vertical knob shifts the trace up or down and the horizontal knob moves the trace to left or 
right. 

One knob, marked HOR. GAIN, varies the width of the display on the screen. 

Two knobs, marked VERT. GAIN and VERT. ATTENUATOR, control the height of the display on the screen. 
The PHASE knob controls the phase shift of the line- frequency voltage used for sinusoidal sweep. 

Three knobs, m.rked HOR/FREQ. SELECTOR, FREO. VERNIER and EXT. SYNC. AMPLITUDE, control the op- 
erationof th« time base generator. The selector switch and vernier control permit selection of a suitable sweeping 
rate to provide a clear display. The EXT. SYNC. AMPLITUDE control operates only on external synchronisation 

to adjust the voltage input to the synchronising circuit. 

The HOR/FREQ. SELECTOR switch performs the following additional functions: 

EXT. INPUT: The HOR. INPUT terminal is connected directly to the input grid of the horizontal amplifier system. 
The time base generator is non-operating. 

LINE SW: Line frequency voltage, controlled in phase by the PHASE control, is applied to the horizontal amplifier 
system. The sweep thus applied is sinusoidal in wave-form. 

The SYNC. SELECTOR switch operates as follows: 

- and + INT: The time base generator is operating, providing saw-tooth sweep at any frequency within its range, 
synchronised with the signal at the VERT. INPUT terminal. 

LINE: The time base generator is operating, providing saw-tooth sweep at any frequency within its range, but syn- 
chronised with the line frequency or its harmonics. 

EXT: The time base generator is operating, providing saw-tooth sweep at any frequency within its range, but syn- 
chronised with any signal applied to the EXT. SYNC, terminal. 
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The 1 V P-P terminal supplies a voltage for establishing the overall gain of the vertical amplifier. When this volt- 
age is applied to the VERT. INPUT terminal and the VERT. GAIN control and VERT. ATTENUATOR switch are set 
for a given measured vertical deflection on the graticule, it becomes a simple matter to determine the peak-to- peak 
value of any unknown voltage. For example; a specification refers to a particular wave- form, designating the normal 
peak-to-peak voltage as SO volts. Connect the 1 V P- P terminal to the VERT. INPUT terminal. With the VERT. 
ATTENUATOR switch in the XI position, adjust the VERT. GAIN control for a deflection of say, 4 cm. on the grat- 
icule. Do not touch the VERT. GAIN control again until the measurement is completed. Disconnect the calibrating 
voltage and apply the unknown voltage to the VERT. INPUT terminal. Set the VERT. ATTENUATOR switch to the 
XI 00 position. Now, a 4 cm. deflection indicates a peak- to- peak voltage of 100 volts. (With the VERT. ATTENUATOR 
Switch in the X10 position, it would indicate 10 volts.) Adjust the sweep controls to lock the wave- form and adjust 
the positioning controls for convenient vertical measurement. Observe that the unknown voltage shows a peak-to- 
peak deflection of 2 cm. representing SO volts. 

The TB OUTPUT terminal provides saw- tooth voltages at the lower time base speeds for controlling other instru- 
ments such as frequency- swept oscillators. 

NOTES ON THE OPERATION OF THE OSCILLOSCOPE 

One of the out standing features of this inst rum cut is the ease with which the sweep may be synchronised with the in- 
coming signal. You will notice that the EXT. SYNC. AMPLITUDE control has no effect at any setting of the SYNC. 
SELECTOR switch except the EXT. position. The amplitude control is unnecessary in the other positions because 
of thebuilt-m sync, limiting circuit. This circuit makes synchronisation easily adjustable by the FREU. VERNIER 
control. Settings of this control may become quite critical at low vertical gain sellings and very high frequencies. 

When operating on external synchronisation, the EXT. SYNC. AMPLITUDE control should be set Just above the low- 
est setting which will give the desired synchronisation. 

At maximum gain settings, the sensitivity of th* amplifiers is very high. Therefore, without a signal source conn- 
ected lo the inpul terminal, stray pickup may produce patterns un the screen. This is equivalent to the noise ob- 
tained from high gain audio amplifiers when the pickup or the microphone is disconnected. Such behaviour is a 
normal characteristic of the inst rument and does not interfere with proper operation. 

At low sweep rates (30 cycles or less) the screen has insufficient persistence to provide a steady picture. This 
flicker is inherent with medium persistence screens at low sweep rates. 

In addition to tho above notes, there are several other effects which may bo noticed under actual operation of the 
scope. All the following characteristics are normal to the O- 12U design and should cause no concern: 

I. At extreme sweep rales and with fairly high intensity settings, retrace blanking Is not complete. Some indica- 
tion of the retrace, particularly at the Irft side, is to be expected. 

i. When adjusting for minimum spot size, some deflection of the beam may take place due to external magnetic 
fields. This condition will remain, even with both horizontal and vertical gain controls set to minimum. It is 
caused by magnetic fields generated by other electrical equipment in proximity to the oscilloscope and the ex- 
tent of such fields is often amazing. These extraneous fields can he identified by observing whether the spot 
shape, adjusted for minimum size, seems to change with the orientation of the instrument. To check, turn the 
scope cabinet around the vertical axis. Soldering guns, fan motors, power transformers, voltage regulators 
and conduit carrying heavy AC conductors are particularly bad offenders in this respect. In the past, such de- 
flections have been swamped out by the relatively large spot size which could be resolved. With present cathode 
ray tube designs and improved circuitry, the effect is much more noticeable. 

3. The same magnetic deflection mentioned above may cause a "breathing" or hum- modulation effect on any wave- 
form displayed, if the time base circuit is operating near the line frequency or a harmonic of it. Although not 
so easy to identify, one can usually spot this effect by varying the sweep speed slightly to present one less or 
one more full cycle inthe display; the "breathing" rate will change and may even become evident as a dual trace 
under some conditions. 

4. Vertical positioning range is deliberately limited lo ± 4 cm. from centre, while horizontal positioning has been 
extended to several times screen width at normal sweep frequencies. This limited vertical positioning is re- 
quired to maintain proper operating conditions in the vertical deflection amplifier and no attempt to extend it 
should be considered. 
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5. You will note lhat it is impossible to turn the signal entirely off with the vertical gain control. This has been 
done purposely in order to force the user of the scope to reduce gain with the vertical attenuator switch to pre- 
vent overloading the input stage of the vertical amplifier. 

6. A slightovershootor ringing effect may be noticed with square-wave inputs at frequencies of 100 kc and higher. 
This effect should not exceed 10%. Bear in mind, however, that square-wave generators are prone to create 
this condition themselves. Do not condemn your oscilloscope until this possibility has been checked. 

7. As time base sweep rates arc increased, particularly above 200 kc. a reduction in available sweep amplitude 
will be noted. This is a function of the falling frequency response of the horizontal amplifier and is normal. 
At maximum sweep rates, at least 4" of horizontal deflection should be obtained with lull horizontal gain. Bear 
in mind that under these conditions, the time base generator is operating at radio frequencies and may be heard 
on adjacent radio receivers. 

8. Some dc-focusing may be experienced at the extreme right-hand edge of the trace. This condition does not in- 
dicate a fault in the CRT. and will in no way interfere with normal oscilloscope operation. 

9. If the scope is operating with a total horizontal sweep width of 4", for example, and the horizontal gain setting 
is increa sed to give a much greater sweep width, the appa rent intensity of the trace will be reduced. This action 
is normal. It is caused by the fact that the trace intensity is inversely related to the writing speed of the elec- 
tron beam. As the sweep width is increased, the writing speed increases also and the intensity will drop. 

IN CASE OF DIFFICULTY 

If the test procedure described does not produce the expected results, the following procedure is recommended: 

1. Chock the wiring against the pictorial diagrams. Follow each wire in th« instrument and check the connections 
at each end for good solder joints and lor termination at the proper points. We cannot over emphasise the im- 
portance of good solder connections. A good solder connection will appear bright. If a connection is dull look- 
ing, we suggest it be rcnoldcred. Checking each lead off in coloured pencil on the pictorial as it is compared 
with the instrument will sometimes reveal an error consistently overlooked. Sometimes having a friend check 
over the wiring will help to locate a wiring error which may be overlooked repeatedly by the kit builder. Mis- 
takes in wiring are responsible for the majority of troubles experienced by kit builders. 

2. Check the voltages at the valveholdcr tags. The readings should compare with the table on Page 40. within 25%, 
These measurements were made with a Heathkit V-7A/UK having an input resistance of 11 megohms. Voltago 
checks made with instruments of other input characteristics may vary greatly. Should a discrepancy in voltage 
readings show up. carefully check the components associated with that valve. 

3. Check the values of the component parts. Be sure that the correct part has been wired into the circuit, as 
shown in the pictorial diagram and as called up in the wiring instructions. 

4. If the dot moves off the face of the CRT immediately after the kit warms up, and cannot be bruught back by ad- 
justing the positioning controls, it is generally caused by a defective deflection amplifier valve. If the trace 
drifts up or down, check the 12BH7 at V3. If the drift is right or left, check the ECC82 (12AU7) at V7. Other 
probable causes are incorrect or defective anode load resistors, for these stages - the 2.7 Kil 2 watt and 1 KiJ 
1 watt resistors to V3. and the 33 Kii 1 watt resistors to V7. 

5. If you are unable to obtain straight diagonal lines when adjusting the Vertical trimmers, please refer to Figure 
32 on Page 34 of your 0-12U manual. The patterns shown there present a perfectly straight line between points 
B and C on the traces. Some constructors have raised questions on this point, stating that they cannot obtain 
a Btraight line between B and C. This is perfectly normal. The indication which is significant is that portion 
of the trace between A and B. The intention of the adjustment is to reduce this portion of the trace to a point at 
the lower end of the trace, thus indicating neither overshoot or slow rise lime on the sharp wave-front of the 
saw-tooth generated by the time base generator. If the remaining portion of the line is not quite straight, a 
readjustment of the sweep frequency will probably locate a point where the effect is changed radically. This 
variation is due to minor phase shift relationships in the amplifier circuits, not to defective or improper corn- 
pen sation. 
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6. If you arc troubled with hum or ripple when the O- 12U is operated with shorted vertical input terminals, please 
make the following checks: 

A. To determine if the hum level is abnormal, short the VERT. INPUT terminal to EARTH, increase the 
VERT. GAIN control to 100, and set the VERT. ATTENUATOR to XI. The total vertical trace width should 
not exceed 1/16" peak' to- peak. With the input terminals open- circuited and not shielded, this deflection 
will increase several times because of the normal pickup of the input circuit. This condition is perfectly 
normal, and is typical of any high-gain, high-impedance amplifier circuit. 

B. If the shorted-input condition results in a trace more than 1/16" in vertical width, connect a shorting lead 
between CRT10 and CRT1I on the cathode ray tube socket. This will eliminate any electrostatic deflection 
of the beam, which is the normal method by which the scope operates. If the trace height then appears to 
be normal - that is, in the order of l/16"or so - the difficulty lies in the vertical deflection amplifier cir- 
cuits and maybe isolated readily by tracing back through the various stages until the source of hum or noise 
is located. 

C. If, with CRT10 and CRTll shorted, the vertical width of the trace exceeds 1/16" the deflection or ripple is 
caused by magnetic deflection of the beam by stray magnetic fields passing through the beam path. This is 
the same type of deflection used in most modern television receivers. 

The magnetic field creating the deflection is almost always a composite of many separate field patterns. A 
portion of this field is created by the 0-12U power transformer, but the relation between the CR tube and trans- 
former has been carefully established so that the sensitive portions of the tube structure are located in a null 
of the magnetic field surrounding the transformer. Severe overloading of the power transformer will upset this 
balanced condition, however. The greatest sources of trouble in this respect are magnetic fields from equip- 
ment external to the scope itself- Anything which consumes power at mains frequency creates a magnetic field. 
The worst offenders are those equipments which draw a considerable amount of current - soldering irons, sol- 
dering guns, AC motors, electric heaters and similar items. 

Figure 33A shows the general type of wave shape caused by external magnetic fields. Notice the semi-saw- 
tooth wave shape. It is possible to change the wave shape by simply rotating the oscilloscope physically about 
any of its axes. Figure 33B. for example, was obtained by tilting the scope about 45 degrees to its left. Ob- 
serve that now the ripple has actually reduced itself in height, but appoars to sweep back on itself for about 
30% of its cycle. 




FIGURE 33 . 
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Variations in the ripple appearance with changes in physical location of the scope are definite proof that the 
deflection is not caused by a defect in the O- 12U. and no known way exists for eliminating the difficulty except 
by complete shielding of the entire cathode ray tube from socket to face with a high permeability metallic shield. 
Such a shield would cost at least £8. 0. Od. for the 1324C, and is an obvious impossibility in a kit selling for 
as low a price as the O- 12U . 

Fortunately, interference of this kind is usually small in amplitude and presents no problem to the average 
user. A little judicious experimenting will isolate the principal offender creating the field. Physical separ- 
ation is in general a quick and easy solution to the problem. 

7. Should the procedure as outlined fail to correct your difficulty, write to Daystrom Ltd. describing the nature 
of the trouble by giving all possible details, including voltage readings obtained and other indications you may 
have noticed. We will try to analyse your trouble and advise you accordingly- No charge is made for this ser- 
vice. 

IN ALL CORRESPONDENCE. REFER TO THk> INSTRUMENT AS THE MODEL O- 12U OSCILLOSCOPE. 



BIBLIOGRAPHY 



While many issues of the popular radio and service magazines have carried excellent articles on the construction 
and application of oscilloscopes, and their reading is highly recommended, we also suggest the following excellent 
books:- 



The Oscilloscope at Work 

The Oscilloscope and its Applications 

Modern Oscilloscopes and their Uses 

How to Service Radios with an Oscilloscope 

How to use the CR Oscilloscope in Servicing Radio and TV 

The Cathode Ray Tube at Work 

Basic Electronic Test Instruments 

Radio Handbook 

Radio Amateurs Handbook 

Encyclopedia on Cathode Ray Oscilloscopes and Their Uses - 



Haas and Hallows 

Philips Electrical Ltd. 

Ruiler 

Sylvania 

Hickok 

Rider 

Turner 

Editors and Engineers 
A.R.R. L. 
Rider and Uslan 



CONTROL SETTINGS FOR VOLTAGE CHECKS 



BRILLIANCE 
FOCUS 

UERT. POSITION 
HOR. POSITION 
VERT. ATTENUATOR 
VERT. GAIN 
HOR. GAIN 

HOR/FREQ. SELECTOR 
FREQ. VERNIER 
PHASE 

EXT. SYNC. AMPLITUDE 
SYNC. SELECTOR 



Minimum rotation for barely visible spot 

Minimum spot size 

Spot centred 

Spot centred 

X100 

10 

0 

10-100 
100 

Fully clockwis. 
Fully anti-clockwise 
INT. 
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VOLTAGE TABLE 



VALVE 
TYPE 


Pin 1 


Pin 2 


Pin 3 


Pin 4 


Pin 5 


Pin 6 


Pin 7 


Pin 8 


Pin 9 


VI 
EC92 


125 


N 
N 


H 
H 


H 
H 


NC 
NC 


1 


10.6 


_ 


- 


V2 
ECF80 


58 


-0.75 


108 


H 
H 


H 
H 


92 


0 


0 


-0.8 


V3 
12BH7 


( 1 ) 280 


(1) 27 


(1)42 


H 
H 


(1)280 


(1) 35 


(1) 42 


H 
H 


V4 

6J6 


75 


(2) 16.5 


H 
H 


H 
H 


2 


0 
0 


3.2 


- 


- 


V5 

ECC82(UAU7) 


100 


75 


85 


H 
H 


80 


(2) -2.4 


0 
0 


H 
H 


V6 

ECC82(12AU7) 


125 


15 


64 


H 
H 


78 


N 
N 


2.6 


H 
H 


V7 

ECC82(12AU7) 


(1)215 


(1)92 


(1)96 


H 
H 


(D245 


OH* 


(1) 96 


H 
H 


V8 


NC 


HR 
UK 


NC 


360 AC 


NC 
NC 


360 AC 


NC 

NC 


HR 

HK 




V9 
6C4 


138 


NC 


H 
H 


H 
H 


138 


-3.5 


0 

0 




— 


CRT 


HVH 
HVH 


(3) -1100 


-1220 


(5) 300 


(4) -900 


NC 
NC 


(0215 


(1) 245 


(5) 300 




Pin 10 


Pin 1 1 


Pin 12 


Pin 1) 


Pin 14 










1324C 


(1) 280 


(1) 280 


NC 
NC 


NC 
NC 


HVH 
HVH 











All voltage* are positive with respect to chassis unless indicated otherwise. 

H - AC voltage this point to chassis: 3. 15 volt. Between points: 6. 3 volt. 

HR - AC voltage between points: 5 volt. CAUTION: These terminals * 410 volts with respect to chassis. 

HVH - AC voltage between points: 6. 3 volt. CAUTION: These terminals - 1200 volts with respect to chassis. 

(1) - Varies with position control setting. 

(2) - Varies with HOR/FREQ. SELECTOR and FREQ. VERNIER setting. 

(3) - Varies with BRILLIANCE setting. 

(4) - Varies with FOCUS setting. 

(5) - Varies with SPOT SHAPE setting. 
NC - No connection. 

- No reading, or no contact on socket. 

N - Not significant. 

NOTE: When construction and adjustment of your 0-12U has been satisfactorily completed, it is worthwhile noting 

voltage readings for future reference in the spaces provided. 
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REPLACEMENTS 



Material supplied with Heathkits has been carefully selected to meet design requirements and ordinarily will fulfill 
its function without difficulty. Occasionally, however, improper instrument operation can be traced to a faulty 
v.tlve or component. Should inspection reveal the necessity for replacement, write to Daystrom Ltd. and please 
supply all of the following information:- 

A. Thoroughly identify the part in question by using the part number and description found in the Manual parts 
list. 

B. Identify the type and model number of the kit in which it is used. 

C. Mention the order number and date of purchase. 

0> Describe the nature of defect or reason for requesting replacement. 

Daystrom Ltd. will promptly supply the necessary replacements. Please do not return the original component until 
specifically requested to do so. Do not dismantle the component in question as this will void the guarantee. U valves 
are to be returned, pack them carefully to prevent breakage in shipment, as broken valves are not eligible for re- 
placement. This replacement policy does not cover the free replacement of parts that may have been broken or 
damaged through carelessness on the part of the kit-builder. 

SERVICE 

If the completed instrument should fail to function properly and attempts to find and cure the trouble prove ineffec- 
tive, the facilities of Dayatrom's Service Dept. sre at your disposal. Your instrument may be returned carriage 
paid to Daystrom Ltd., Gloucester, and the Company will advise you of the service charge where not covered within 
the terms of the guarantee (t. e. a faulty component supplied by us). THIS SERVICE POUCY APPLIES ONLY TO 
COMPLETED INSTRUMENTS CONSTRUCTED IN ACCORDANCE WITH THE INSTRUCTIONS AS STATED IN THIS 
MANUAL. Instruments that are modified in design will not be accepted for repair. Instruments showing evidence 
of acid core solder or paste fluxes will be returned not repaired. 

Daystrom Ltd. is willing to offer its full co-operation lo assist you In obtaining the specified performance level of 
your instrument. Factory repair service Is available or you may contact the Engineering Consultation Department 
by mail. For information regarding possible modification of existing kits, it la suggested that you refer to any one 
or more of the many publications that a re available on all phases of electronics. Although Dayst rom Ltd. since rely 
welcomes all comments and suggestions, it would be impossible to design, test, evaluate and assume responsibility 
tor proposed circuit and layout changes for specific purposes. Therefore, such modifications must be made at the 
discretion of the kit builder according to information which will be much more readily available from some local 
source. 

SHIPPING INSTRUCTIONS 
Before returning a unit for service, be sure that all parts are securely mounted. 



ATTACH A LABEL TO THE INSTRUMENT GIVING 
NAME. ADDRESS AND TROUBLE EXPERIENCED. 



Pack in a rugged container, preferably wood, using at least three inches of shredded newspaper, wood wool or 
plastic cushioning material on all sides. DO NOT DESPATCH IN THE ORIGINAL KIT CARTON AS THIS CARTON 
IS NOT CONSIDERED ADEQUATE FOR SAFE SHIPMENT OF THE COMPLETED INSTRUMENT. Note that a carrier 
cannot be held liable for damage in transit if packing, in HIS OPINION, is insufficient. 

PRICES: All prices are subject to change without notice. 

MODIFICATIONS TO SPECIFICATIONS: Daystrom Ltd. reserves the right todiscontinue instrumentsand to change 
specifications at any time without incurring any obligation to incorporate new features in instruments previously 
sold. 



The Hcathkit builder is again strongly urged to follow step-by-step the instructions given in this Manual to ensure 
successful results. Daystrom Ltd. assumes no responsibility for any damages or injuries sustained in the assem- 
bly or handling of any of the parts of this kit or the completed instrument. 
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SOME OSCILLOSCOPE APPLICATIONS 

As mentioned in the introduction to this manual, the cathode ray oscilloscope is a most versatile device. It has the 
unique ability to measure the basic electrical quantities and. more important, to show the relationships between as 
manyas three of these quantities at any one time. Or. it can relate one or two of the variables against a controlled 
time reference. Therefore, it can indicate such characteristics as frequency, phase shift, and wave-form. 

By the use of supplementary devices, called transducers, a great variety of other physical attributes can be invest- 
igated with the oscilloscope . These transducers are used to convert sound, heat, light, stress or physical movement 
into electrical impulses. The impulses can be studied by displaying them on the screen of the oscilloscope. 

The following portion of this manual is simply to familiarise you with the basic applications of your oscilloscope. 
Each one of the uses described is well within the capabilities of the Heathkil model O-UU Oscilloscope. 

WAVEFORM INVESTIGATION 

Probably the major use of most oscilloscopes is in the study of recurrent or transient variations in an electrical 
quantity. Since the oscilloscope is a voltage-operated device, these variations must be first converted into changes 
in voltage. 

It is common practice to apply the signal voltage to the vertical input to the oscilloscope. By means o( attenuators 
and amplifiers, this voltage is made to displace vertically the electron beam in the cathode ray tube. At the same 
time, the beam is being swept horizontally by the time base generator within the instrument. The sweep frequency 
is normally a sub-harmonic or simple fraction of the signal frequency. Therefore, more than one complete cycle 
of the signal is shown on the screen. 

With this brief background, w 0 have described below the more common applications of the oscilloscope In studying 
wave-forms. 

Testing Audio Amplifiers and Circuits . 

Figure }4 shows the conventional set-up of equipment for this application. The audio generator should be capable 
of producing a pure sine wave with very low harmonic distortion. The load resistor should match the output im- 
pedance of the amplifier. The usual practice is to perform all tests at an input voltage sufficient to develop a ref- 
erence power output. This prevents over-loading of any portion of ths amplifier and consequent inaccuracies In 
measurements. 
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Figure 35A shows serious flattening of one peak, representing about 10% harmonic distortion. This condition may 
be caused by incorrect bias on any stage, or by an inoperative valve in a push-pull stage. Figure 35B indicates 
third harmonic distortion, a particularly objectionable fault. Figure 35C shows flattening of both peaks, usually 
an indication of overload somewhere in the circuit. 




ABC 
FIGURE 3 5 



Although the use of sine wave input tells us a lot about an amplifier, ihe use of a square-wave input waveform gives 
a very accurate and extremely sensitive indication of the performance of the system with respect lo both amplitude 
distortion and phase shift. Assume that we apply a wave of the form shown in Figure 36A. In a theoretically per- 
fect amplifier, the output waveform would be an exact duplicate except at a greater power level as determined by 
the gain of the amplifier. Actually, the distortion of this wave- form as shown by ihe scope tells a great deal about 
the amplifier at frequencies considerably separated from the lest frequency. If the high frequency performance of 
the amplifier is excellent, the from of the square wave will be sharp cornered and clean. A distortion similar to 
that shown in Figure 36B indicates poor high frequency response, which may be amplitude distortion, phase shift, 
or both. We may assume, therefore, that the shape of the rising portion of the waveform indicates the ability of 
the amplifier to faithfully reproduce high frequencies. Conversely, Ihe slope of the flat-top portion of the wave in- 
dicates Ihe performance of the amplifier in the low frequency range. Figure 36C is the characteristic indication of 
an amplifier with a poor low frequency response. 




Further discussion of this method is beyond the scope of this manual. Interested readers are referred to Ihe bib- 
liography for further sources. 

Servicing Television Receivers. 

Servicing television receivers is a rapidly expanding application of the cathode ray oscilloscope. Each of the follow- 
ing basic uses requires some additional equipment, but none of them can be performed without using the oscilloscope. 
This particular field has been given specific attention in the design of the Heathkit Model 0-12U. 

1. Alignment of a television receiver is virtually impossible without the use of an oscilloscope and a television 
alignment generator. This generator supplies an R F signal over all VHF frequencies involved in a modern television 
receiveroperation. The signalcan be frequency- modulated at 50 cycles per second with a deviation of several meg- 
acycles. The generator also provides a 50 cycle sweep voltage, controllable in phase, to drive the horizontal de- 
flection amplifiers in the oscilloscope. It also provides a blanking system which cuts off the RF output of the gen- 
erator during one-half of its operating cycle. In effect, the generator output starts at a base frequency and sweeps 
at a uniform rate from the base frequency to a frequency several megacycles higher. The oscillator output is then 
cut off, and the cycle is repeated. The vertical input to the scope is driven by the voltage developed at the input to 
the video amplifier. Since this voltage varies in exact accordance with the gain of the RF and/or IF amplifier stages 
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over the frequency range being swept, the trace on the scope screen is actually a graphic re^resei 
ponse of the amplifiers being tested. 



TVAUO#*NT FIGURE 3 7 TV RECOVER 

G0CRATOA 




Figure i7 outlines the connections between thr alignment generator, the receiver .md the oscilloscope. The 
procedure for alignment varies greatly. This information is generally available in the manufacturer's service ibJM 
matlon. Usually, a drawing of the desired response curve is given, together with a sequence vi adjust mevtgfl 
roughly approach the desired ,attcrn Final adjustments -ire made whilst watching the trait- on the aacilloacosjsj 

2. The waveform of the complex television .icture signal as it is passed through the receiver ih undoubtedly *l 
most important characteristic of the signal voltage. In order to properly display the minute variations in w*« 
form, which incidentally make the difference between good and bad picture quality, the oscilloscope is requires]) 
attenuate, amplify, and display voltage change* over an extremely wide frequency range without in any way fl 
torting them The performance of the Hca:hkit Model O- 12U is entirely adequate for thii application 

Again, you must rely upon the manufacturer to furnish representative patterns show ing the waveform to be expect* 
at (pacific test ..oinis within the receiver You will find that these diagrams cover the entire receiver with the 
ceptionof the "front-end' or tuner portion. However, in order to ^ick off the modulation envelope in the IF or 
-implifier sections, a demodulator probe is used to m ke connection to the -mode, grid, or cathode of the »tage 
investigated. This is necessary aincethe signal in these stage* i* Mill contained in the amplitude modulated em 
of the ca rrier and must be detected, or demodulated, before it can be ihown on the oscilloscope. At any point 
the video detector, no such probe is necessary and a simple shielded low-capacity cable can be used. 

In either case, the signal voltage is fed into the vertical .implifier of the oscilloscope as shown in Figure 37. 
any point up to the video detector, the voltages picked off will be ante small, and very little vertical 4ttem 
will be required. Within the sync, circuit* and deflection circuits, however, these voltages can be quite high; 
considerable attenuation i.» required. It is for this reason that the vertical input section of the o- 12U utilises 
compensated attenuators. Any other method of reducing such voltages would result in enough di sto rtion to ret 
the displayed signal completely useless. 



In checking a wave- form, remember that two basic frequencies are involved in the television signal. The vertit 
or frame frequency is SPcycles.ier second. Any investigation of the circuit, excep t within the horizontal oscilli 
its differentiator network, and the horizontal amplifier stages, can generally be made using a time base general 
frequency of 16 to 25 cycles, thus showing two or three complete frame wave- forms of the signal. In order to sti 
the line h ulse shape, or the operation of the line (horizontal) deflection system, it is generally necessary to oper- 



ate the time base generator at 10, 125 or 5, 062 .*> cycles per second 
one or two complete lines of the signal 



This sweep rate will show the wave- form of 



The signal- 1 racer method of analysis is most helpful in going through a receiver in this fashion, since faulty receive] 
operation is generally caused by the loss of all or a significant portion of the picture information and pulses at some 
stage within the receiver. With a basic understanding of the function of each part of the signal, and with the means 
available to determine what the signal actually looks like at any part of the receiver, it is a comparatively simple 
matter to isolate the defective portion, and the particular component, causing the failure. 
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Remember, in making connections to the test points, that grid circuits are generally high-im ..dance points, and 
that the addition of any capacity can disrupt the performance of the stage to »omc degree. Anode circuit* and cath- 
ode circuitsare usually lower-impedance points, and more desirable for testing purposes. Also, bear in mind that 
the anode circuit indication with respect to phase will be exactly opposite to indications obtained on grid or cathode, 
since a phase difference of 180 degrees takes place within the valve. Therefore, the pattern shown on the scope 
screen may be inverted when such interchanges arc made. The form of the wave will not be changed, however. 

3. Video Amplifier response can be measured in exactly the same manner de scribed for testing audio amplifiers, 
and again a squa re-wave signal is the most efficient method to use. Because a video amplifier must pass signals 
from DC to as highas i. 5 megacycles, however, a more comprehensive test is required. Usually a 50 cycle check 
ia made to cover low and medium -frequency characteristic*. A second check at 25,000 cycles covers the high- 
frequency portion of the response curve. Again, such tests require extreme fidelity on the part of the oscilloscope, 
and these requirements are fully met by the Hcathkit model 0-I2U. The signal-tracing technique can be used in 
these tests also. The square-wave generator is fed directly into the first video amplifier grid. Very low signal 
input will be required The oscilloscope is then connected to various points, starting near the output end and work- 
ing back until any distortion is isolated. Patterns such as Figure 36B are responsible for poor picture detail, or 
"iu*ziness". while distortion of the form shown in Figure 36C can cause shading of the picture from top to bottom. 




B FIGURE 36 C 

« 



Miscellaneous Wave-form Mea »u n-m»-ni 

In this category, we can place such wave-form investigations as measurement ol modulation percentage, studies of 
noise and vibration, sub-sonic and ultra-sonic applications and hundreds of others. Each of these fields is highly 
specialised, and it is obviously impossible to cover them here. We again refer you to the bibliography for further 
reading in this field. 

AC VOLTAGE MEASUREMENTS 

Because of its characteristics, the oscilloscope is particularly suited to the measurement of AC voltages. With 
the advent of television, it has become imperative that such measurements be made accurately with no regard lo 
wave-shape, so that the conventional RMS reading AC voltmeter is no longer adequate. Most televi sion service 
bulletins specify peak-to-peak voltages which appear at various points of the circuit. Other applications for such 
measurements are becoming more common every day. 

The 0-12U oscilloscope has been designed to accurately measure and display these voltages. Previous instructions 
have shown how to calibrate the instrument for direct measurement of peak-to-peak wave-forms. The attenuators 
are especially designed for maximum accuracy, and readings can be relied on to within- 2 dB when referred to a 
calibration voltage of the same frequency. An additional error of 1 dB may be encountered when the calibrating 
voltage and the signal voltage are greatly different in frequency. 

When uBing the graticule for AC voltage measurements, it is sometimes helpful to use the EXT. INPUT setting for 
the HOR. SELECTOR switch. This produces a vertical line which can be focused and centred exactly for more ac- 
curate readings. 

The following relationships exist for sine wave-forms: 

RMS x 1.4 14 = Peak voltage Peak voltage x 0. 707 = RMS voltage 

RMS x 2. 828 = Peak-to-peak voltage Pcak-to-peak voltage x 0. 3535 = RMS voltage 
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AC CURRENT MEASUREMENTS 

To measure AC currents, the unknown current must be pas3?d through a resistor of known value. The voltage drop 
across this resistor is measured as desc ribed ea rlie r. From Ohm 's law, I equals E/R, the current can be calcul- 
ated- It is important that the resistor be non- reactive at the frequency involved. It should also be relatively small 
with respect to the resistance of the load. 

FREQUENCY MEASUREMENTS 

Frequency measurements can be made with an accuracy limited only by the reference frequency source available. 
The unknown frequency is applied to the vertical input, and the reference frequency to the horizontal input. (Time 
base generator is not used.) The resultant pattern may Uike on any one of a number of shapes. Typical patterns 
are shown below. 



HORIZONTAL 
TANGENT LINE 




VERTICAL 
TANGENT LINE 




fx = f 

FIG 38 

The frequency ratio can be calculated from the formula: f K « T n x f 




fx = 2f 



Where f x is the unknown frequency; f is the reference frequency; T n is the number of loops which touch the horiz- 
ontal tangent line; T v it the number of loops which touch the vertical tangent line. 

When using Lissajous figures, as these patterns arc called, It is good practice to have the figure rotating slowly 
rather than stationary. This eliminules the ,iostibility of an error in counting the tangent points. If the pattern is 
stationary, a double Image simitar to the figure below may be formed. In such cam, the end of the trace should 

becountcdasone-halfa tinge nl point rathe r than a full point . This condit Ion may occur when neither frequency can 

be vn ried 

PHASE MEASUREMENTS 

It Is sometimes necessary to dete rmine the phase relationship between two AC voltages of the same frequency. This 
can be accomplished quite easily by applying one of the voltages to the horizontal input and the other voltage to thr 
vertical input. The phase relationship can be estimated from the figures below. 
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FIGURE 39 



To calculate the phase relationship, use the following formula: Sin •* 



A 




30," 330- 



0". 360" 



FIG40 

The distance A is measured from the X axis to the intercept point of the trace and the Y axis. The distance B re- 
presents the height of the pattern above the X axis. The axes of the ellipse must pass through the point O. 



PARTS LIST 



PART PARTS 
No. Per Kit 



DESCRIPTION 



PAR r 

No. 



PARTS 
Per Kit 



DESCRIPTION' 



Hardware 
£50-514 
£50-511 
£50-510 

£50-514 

£50-1 

£50-515 

£50-50£ 

250-520 

£5£-503 

252-3 

£52-501 

254- 50£ 

254- 1 
£54-501 
£59-504 

255- 50£ 



14 

2 
21 

2 
10 
£5 
££ 
10 
25 
£3 



£BA x j" binder head screw 
-PA x 3/8" binder head screw 
£BA x 5/8" binder head screw, 

chrome plated 
4BA x 3/8" binder head screw. 

Chrome plated 
4BA x J/8' binder head Screw 
4BA x j" binder head screw 
6BA x 5/16' binder head screw 
6BA x J" binder head screw 
£BA hex nut 
4BA hex nut 
6BA hex nut 
£BA lockwasher 
4BA lockwasher 
6BA lockwasher 
4BA shakeproof solder tag 
6BA spacers 



Potentiometers - Switches (cont'd. 



10-507 

10-5l£ 
10-505 

19- 502 

63-47 
63-87 
63-88 



Sh.'et Metal Parts 



90- 501 

£05- 504 

£00-50£ 

£03-501 

£04-50£ 

£04-503 

206- M£8 

206- M29 

207- 503 
210-501 
258- 50 £ 



Cabinet 
Cove r p 
Chassis 



■teel r.inc plated 



Panel, painted and screened 



Bracket, 
Bracket, 


■i ng 1 <• 
tube s 


Shield, t 


op 


Shield, t 


ottom 



Clamp, CR tube 
Panel ring 

Spring retainer for graticule 



Insulators - Feet 



73- 501 
73-50£ 
73- 505 
3£0-501 
£61-501 



i 

5 

I length 
1 length 
4 



Miscellaneous 



54-503 
85-503 
85-50£ 
4 3£-504 

£11-501 
£60- I 
414-501 
481-50£ 

595-504 







Resistors 




Valveholders - 


Sockets 


H-6£0C5 


1 


434- 503 1 


Octal valveholder 


H-I0IC10 


5 


434-508 1 


Pilot lamp socket 


H-££IC10 


3 


434-507 1 


B14A CRT socket 


H-471C10 


1 


434-59 3 


7-pin miniature valveholder 


H-8£1CI0 


1 


4 34-60 5 


9-pin miniature valveholder 


H-102C10 


1 






H-20£C10 


2 


Tagstrips - Panel 


H-££2C5 


3 


431-1 2 


1-way tagstrip 


H-£7£CI0 


1 


431-2 1 


£-way tagstrip 


H-33£C10 


3 


431-10 1 


3-way tagstrip 


H-392C10 


£ 


431-12 £ 


4-way tagstrip 


H-68£C10 


I 


131-506 2 


7-way tagstrip 


H-103C10 


3 


605-501 1 


Voltage selector panel 


H-153C10 


1 






H-££3C10 


2 


Potentiometers 


- Switches 


H-333C10 


£ 


10-506 1 


10 Kf. linear potentiometer 


H-363C5 


1 


10-508 1 


£00 KU linear, centre tapped 


H-473CI0 


1 




potentiometer 


H- 104C10 


3 


10-509 1 


£50 Kf. linear potentiometer 


H-154C10 


£ 


10-510 1 


1 megohm linear potentiometer 


H-334C5 




10-513 1 


£ megohm linear potentiometer 


H-474C10 


4 


10-511 I 


£ megohm linear potentiometer. 


H-684C10 


1 




HV insulated shaft 


H-105C10 


£ 



£0 linear, centre lapped 

potentiometer 
7.5 megohm linear potentiometer 
£ Kf. linear potentiometer w/dummy 

500 Kl, potentiometer , linear, HV 
insulated shaft and DPST switch 
1 sec. 3-position rotary switch 
1 sec. 7- position rotary switch 
1 sec. 4-position rotary switch 



3/8" grommet 
5/8" grommet 
Cushion strip 
Foam plastic strip 
Rubber feet 



Power transformer 

Circuit board, front 

Circuit board, rear 

CRT anode connector comprising 

rubber insulator with socket insert 
Handle with £ end plates 
Crocodile clip 
Graticule 

Mounting plate, for elect rolytic 

capacitor 
Instruction manual 



6£t J watt 5*? 
100U 1 watt 10% 
££01. j watt 10% 
watt 10% 
watt 10% 
watt 10% 
watt 10% 
watt 5% 
watt 10% 
watt 10% 
watt 10% 
watt 10% 
10 Kl. $ watt 10% 
15 Kl. \ watt 10% 
2£ Kf. 5 watt 10% 
33 Kf, J watt 10% 
36 Kii | watt 5% 
47 Kf. I watt 10% 
100 Kf. £ watt 10% 
150 Kf,} watt 10% 
330 Kf. J watt 5% 
470 Kf. \ watt 10% 
680 Kf, } watt 10% 
1 megohm £ watt 10% 
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PARTS LIST (Cont'd.) 



PART 

No. 



PARTS 
Per Kit 



DESCRIPTION 



Resistorsfcont 'd. ) 
H-335C10 
H-475C10 
H-106C10 
H-226C10 
1-I02C10 
1-152C10 

1 - 333CIO 
1-104C10 
1-474C10 
1-684CI0 

1- 335CI0 

2- 122C10 
2-272C10 
2-472CI0 
2-123C10 
H- 335HS5 
8- I02W5 
8- 502W5 

Capacitors, tubular 
23-504 
21- 505 
23- 58 
23-3 

2 3-502 
23-63 
23- It 

23-506 2 

Capacitors, mica 
20-508 
20- 509 
31-501 



Capacitors, 

21-505 

21-506 

21-507 

21-508 

21-509 

21-510 

21-511 

21-512 

21-513 



3. 3 megohm \ wan 10% 

4.7 megohm J watt 10% 

10 megohm \ watt 10% 

22 megohm | watt 10% 

I KB 1 watt 10% 

I. 5 KB 1 watt 10% 

33 KB 1 watt 10% 

100 KB 1 watt 10% 

470 KB 1 watt 10% 

680 KB I watt 10% 

1. 3 megohm 1 watt 10% 

1.2 KQ 2 watt 10% 

2.7 KO 2 watt 10% 

4.7 KQ 2 watt 10% 

12 KQ 2 watt 10% 

3. 3 megohm J watt 5% precision 

1 KB 8 watt * 5% wi rewound 

5 KB 8 watt + 5% wlrewound 



.05 pF 250 volt 
■ 1 pF 250 volt 
. 2 pF 200 volt 
.01 pF 400 volt 
. 1 uF 400 volt 
. 25 pF 400 volt 
. 1 pF 600 volt 
. 1 pF 2000 volt 



47 pF i 10% 350 volt 

390 pF * 10% 350 volt 

25 and 250 pF dual trimmer 



ramie disc 

10 pF 500 volt 
20 pF 500 volt 
200 P F 500 volt 
500 pF 500 volt 
1000 pF 500 volt 
. 002 pF 500 volt 
.01 pF 500 volt 
. 02 pF 500 volt 
. 02 pF 2000 volt 



PART 

No. 



PARTS 
Per Kit 



DESCRIPTION 




Capacitors, elect rolytic 



25-506 
25-507 
25-28 
25-20 

Coils 
45-12 
45-23 
45-24 
45-25 

Wire- Cable 
331-501 1 
331-502 

340- 501 
344-506 

341- 1 
341-2 
89-501 
100- 501 
347-2 
346-501 



length 
length 
length 
length 
length 
length 
length 

length 
length 



Valves - Rectifier - 



411-4 

411-25 

411-505 

411-58 

411-504 

411-502 

411-73 

411- 79 
57-501 

412- 501 



40-20-20 pF450 volt. 50pF 300 volt 

40-40-20 pF 275 volt 
100 pF 50 volt 
40 pF 150 volt 

33 pH (on 3. 3 KB 1 watt resistor? 10' 
61 pH (red band) 
90 pH (blue band) 

30 pH (green band) 



Solder, 18 swg. 
Solder, 22 swg. 
Tinned copper wire 
Connecting wire 
Black test lead wire 
Red test lead wire 
Mains cable 
Cable assembly 
300B transmission line 
Sleeving 1.5 m. m. 

Lamp 
6C4 

ECC82 (12AU7) 

Cathode ray tube 1 324C 

EC92 

GZ34 

ECF80 

12BH7 

6J6 

Selenium rectifier K8/50 
Pilot lamp 6. 3 volt . 15 amp 



Knobs - Plugs - Terminals 



462-18 
462-19 

70-5 
70-6 
438- 502 
427- 502 
42*- 501 



Knob, without skirt 

Knob, with skirt and index line 

Black wander plug 

Red wander plug 

1 amp fused plug 

Terminal, black 

Terminal, red 



GUARANTEE 



Daystrom Limited guarantee iub)ett to the following urmi to repair or replace 
free of charge any defective part* of A* Heathkn <wuh exception of 
cathode ray lubes ind -live* referred to hereunder) which *»-! ow.ng to faulty 
workmanship or materia) provided the defective parts are returned to 
Daystrom Limited within 12 mot i hi from date of purchase:— 
I. This guarantee u erven co and for the benefit of the original buyer only, 
and it and shall be .n l>eu of. and there * hereby expressly excluded, all other 
guarantees, conditions or warranties, whether express or .mplted. statutory 
or otherwise, as to quality or fitness for any purpose of the equipment, and 
in no event shall Daystrom Limited be I .able for any loss of anticipated profits. 
damages, consequential or otherwise. injury, km of time or other kales 
whatsoever incurred or sustained by the buyer in connection wnh the 



purchase, assembly or operation of Heathkits or components thereof. 

2. No replacement will be made of parts damaged by the buyer In the i 
of handling, assembling, testing or operating Heathkit equipment, 

3. The purchaser shall comply with the Replacements Procedure laid 
in the relevant Heathkit Manual 

4. Daystrom United will not replace, repair or service instruments or | 
thereof in which acid core solder or paste fluxes have been used and in 
event this guarantee shall be completely void. 

Mote The Cathode Ray Tubes and Valves forming part of the 
guaranteed by the respective manufacturers. It should be noted that 
guarantee it given only in respect of faulty workmanship and.'or 
does not cover nusvse or consequential damage. 



GLOUCSSTtR 



4KB 




HELPFUL KIT BUILDING INFORM*. 



TION 



Befoia attempting actual «« lOOHnntii* read the cnaairuciraa 
irwu'.'M-. i" taoiUiariae youricll with the gAHnl pro- 

-tcdarp. Sot* the relanvr lr.--.ior, of pictorial utacrt* t» r«s- 
pact ol the prOgrea* o( the procedure ojlleiec 

Tata nloi malion ia offered primarily tor the convenience ol 
the- novice kit bulldera and -« defaalte aae.ataBCc lo those 
lacking thorough lurtwleogcofsoodconatruciion pfulicu, Evan 
lha advanced electronic .r.ihusiasl mar b««*nt fty a brtet re- 
view Of 1MB material befora proceeding with »rt canal i -cue* 
In the majority ol *•■*> failure to olwm banc ipitnKrmi 
fundarneniala ia re*pona*bla tor inability to obum desired lev- 
el of performance. 

RCr.OUUEelDED TOOLS 

The sueceaafxil ccmatrucllon of Heathkiti doc* «M require tka 
uaeof speclahsad aquipmani -nd only basic loule are required 
A good quality alectric soldering iron n eascnt.il TV* pre- 
ferred an* would be a 2»-5fl "alt iron with * ansa II tip Th* 
«■! ol long note phare end a diagonal or aida r-itimj pilar* ia 
recommeltdH A •mall •"•* driver *lll prove sdcaeAIe — . 
several adHHion*l eiiortad acrro driver* -ill te Cetplci. Be 
aura to obtain a food -upply oi reaia core tyBs 
Never ua« Separata Owl, p**t* or acid eoider U electronic 
work • 

A 38 PM ELY 

In lha actual mechanical a**en-.bly ol component* to Ike Chaaa.s 
■ ..... ii".' thai Ilia proeadere above ir, the man- 
ly followed. Me** ear* ikei lha valve fcetdereer. 
■ly mount-d in reaped to Leyway or P>* ■>»'"'• ""1 l°ea- 
The MM appltea lo transformer mountings a* ihnt the 
;t tranafurmer colour codec wires — U be avmUoas a* the 
r i 1.1-1.1- opening Make it a standard prnctUe to uae 
foekwoihere undsr all *BAand iDA not*. The only -..epuon 
being in Ihe DM o' »»ldertng tna* • Ihe necessary racking f*A- 
tatal* already Incorporated in luedeeijn of lh« *otcering fags. 
A control lor* -aaher should always be uaed between the con- 
Irol and thr chassis lo pr*v*nt on deal raw* rotation » the pen 
• I To Improv* initfimeai appea r«nr . -n i to prevent poasihte 
pan-l marring uae a control «l*l ntikel washer node* each ton- 
irol nut 

When mantling I-rinlnal* that retire the aM of fibre inauU- 
ting wa*h»r», II la good BTICUcd W bUf »*• ehouidered soaker 
over Ins lermioal aixd before InaUlltejg Ibe me— ling MMd la 
lha panel nOl* provided Neat, tafltalt a flat llbrn eaaherand a 
aoMrring t«g .wider the nanwatlng "e tore iKat the ahoel- 

itared waaher la properly centred -a the panel to prevent *»»*- 
Hue ahortlng ol In* terminal. 



•nd pan* 



>CO|l- 



WOUNG 

Wneo lollon^sg the nirics procedure mace the lead* aa ahoil 
and direct *• poaalbla. In fiUmnnl siring requiring tbeuee of 
a. mitod pair at -ire* *lto» sufficient *Jac- .n the -irmg thai 
will permit the tenated pel r in be puaked aealnat the chaaila 
ai cioaelyaa poaalbl* thereby affording ralauvc laolalion from 

pnrta and >iu.{. 
When ramevng raeelation from eke end of coon*<U"fi mrc. il 
■a seldom neceaaary u aipoie more than a quarter inch ol the 
•ire. Eace**ive ■- ....«:. a. removal may cauae a ahort cir- 
ceit canditlon m reaped of nearDy wiring or tarmnal*. ta 
aora* inalancaa. iruafon»lr lead* of solid copper -ill have a 
bronx baked enamel mating. After the tranai'orir.er lradk 
have bean irjnmrd t*> a anlianla Innglfa, il ■• nece.tary to 
acrape the enamel coaling- m nrder to axpoae the bright copp- 
er e/ire before enaklng a terminal or noldarad connecUon. 
in niouittng pari a ■ " aa rea:aiore or capacitor*, trim off all 
(itfii lead lengtha ao thai (he parte may be mala) I'd In a dir- 
ect p*At-to-ptini manner. When neceaaary uae naulaleil 
...«..:., . »treath*t might abort to nearby wiring 
k .■urgently recommended lhai the wiriag and pana Uyouiaa 
ahewn la the construction manual be faithfully followed. In 
every in*tanc* tk* deal ra bill ly of thi* arr-ngament we* cara- 
fully deiormtoed folto-mg Che (Onelruction ol a aenaa of Ub- 
suierr mod al*. 

SOLDI: RING 

Uack Of the performnnce of Aa all inatramenf, partliularly 
U reaped of accuracy and ale ml > I v, depend upon the degree 
Of vnramanahip uaed m mahtng aoldered coneiecliona. Prop- 
eri. aoMered connection ■ are not at all dlffltwll lo make but 
It would be adviaatele lo obaerve a few precaution*. Flrat Of 
all before a connecito* t< W be eeUared. the (©enaction H- 
eelf aheeld be clean and mechanically atrong. Do nol depend 
on voider aU»e lo hold a (Or-.ctlon logelh.r The tip ol tha 
aoldenng iron abould be arighl. Clean and Ire* ol • ■ - wi- 
tter. Un wft.il. neat ao lhat the eolder flow* thoroughly and 
ameothlT Into Ik* ^>lnt Avoid exeaaaive na* ol wider wd do 
not allow a flaa flooding coodifien m occur w+itch could con- 
cnivnbrr cnaee a leakage polb between *d)ac*nl terminal* on 
a-ilch aaeemblrae and valve holders Thl* U p-rttcolirly 
important , n laalcumecia aweb aa the VVM. o*clllO*cope and 
generator fctta. Itaceaalve heal will al*0 bun or damage the 
laeataUng malaHal uaed In lha manufadur* of awtrrh 1IMIB- 
bllea. lie aura touaa only good ajualitv i»*ia core type eftlder 



AeoiaL 



Y 



C»P»ClTOP 
i .»-iaon 



SINOLC THROW li.T.i U " 



■A.TtBY 



Hi- 



LOOP 



BC«1ST0* 



-Wv*" 



IWUCN — 
OOUkLf POLI ' I 
f>OUtl.( imoow 



. oN> o 



O D 



OIPOLE 



■ CJiiTOB 

ITAPPtO I 



HITCH — 0 

DOUklt TMBO«'f».T| O^O O 



cnvsrai 



HI- 



t ART n 



IIIIBTOI 

I VARIABLE 



lOUOIPItXB 



INDUCTOR ' 

COIL OP P.».CMOK(! 



POTEMTIOMt '10 



4 

•ICTIPItR H^|- 



TtOMiMAL a 



-O- 



WIRING ' I '■ 

HIE UETTEBS IE 
UNDERSTOOD 



•« IV KV 



n.r. coil 

WITH ADJUSTABLE 
IROM DUST COBE 



JACK 
(TWO CONDUCTOR 1 



yiCW*HOHI 



-0=0 



MICRO 

\ ■ yi.oocooo ) 



L.F. CHOKE 

( I RON CORED l 

WITH TAPPINGS 



r ' — 
C t= 



R F TRANSFORMER 
t Ai B CORK ) 



WIRES 

CONNECTEO 




MILLi 

( i yiooo 



= m 



KILO 

( X IOOOJ 



K 



TO A NSFOR 
ADJUSTABLE 

IRON D 



3PMER (R.FOtTD'iiC - 

UST CORE / ' t,t 



WIRES 

CROSSING BUT 

NOT CONNECTED 



+ + + 



IBANSlSTOR 

(V.N.P. TYPE ) 



MEGA 

1 I .OOQOOC 



M 



IBANSFOOMED 

MAINS OB L.F I 
IRON COBE 



A - AMMETER 

v-voltmeter 4AY- 

nA- MIL LI AM METE R V^V 
-»-MlCRO*MMETf.R 5 T C . 



TRANSISTOR 
tM.P.N. TYPE J 



OMEGA 

(OHMS > 



n 



CAPACITOR 



NEON LAMP 
STABILISER VALVE 



SOCKET OUTLET 
CO AKIAL 



M'CRO'*i»A O 



CAPACITOR 

RO LYTIC ] 



LAMP 

PILOT Oa) ILLUMINATING 



TWO PIN SOCKET 
AND 

TWO BIW PLUG 



PICOFARAD 
M'CRO.MICRO 




■5PS 



mm 



DAYSTROH LIMITED 

A Member of the Daystrom Croup 

THE WORLDS LAV.GSST MANUFACTURERS 
OF ELECTRONIC KITS 
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